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Ulceration of the legs and gangrene of the feet, common dis-
orders encountered in surgical clinics, are major medical and
economic problems since knowledge of their cause is lacking, treat-
ment is highly unsatisfactory, and prevention is impossible. These
conditions have been assigned descriptive names based on fairly well-
known natural courses. The ulcers are called "post-phlebitic,"38 39
sometimes "varicose" or "irritable,"38, 39 and the gangrene, often
referred to as "presenile," is a manifestation of the disease now
generally known as thrombo-angiitis obliterans.3' 1 Early or late
in their illness the patients so afflicted usually develop one or more
of the following conditions: thrombophlebitis, phlebitis migrans,
phlegmasia alba dolens (or some degree of lymphedema), and
dermatitis (called hypostatic, or varicose, or phlebitic eczema when
it occurs on the legs).
The striking skin lesions so often observed in patients with
these disturbances prompted the writer in 1940 to attempt to dis-
cover what bearing the dermatitis may have on the so-called vascular
diseases.101 The proposition that suggested itself was that the ulcers,
the gangrene, and their associated vascular lesions appeared clinically
to be related to the skin disorder, dermatomycosis, and, therefore,
might represent deep-seated manifestations of an infection with a
fungus.
Thecauses of these disorders and their relationship to each other
have remained unanswered questions despite much work done on
several separate lines of clinical investigation, such as the strepto-
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cocci,44' 81 typhus and other rickettsial diseases,30' 31 the sympathetic
nervous system,1 the varicosities of the venous system,39' 54 5 and
several forms of allergy,2 especially including one to tobacco.26 33,34
There seems to be no doubt that the course of
thrombo-angiitis obliterans is unfavorably intflu-
enced by the patiient's use of tobacco." 15, 40 Indeed,
some have gone so far as to claim that the disease is based solely
on an allergy to tobacco. Exceptions are known, however, where
the disease has recurred after the patient has stopped smoking.
Just what part tobacco plays in the disease is not clear.60 100 The
various pertinent studies on hypersensitivity and pharmacological
effects of tobacco have been reviewed recently by Moyer and Mad-
dock,66 and are summarized as follows:
"Tobacco has been indicted by many as the inciting cause of thrombo-
angiitis obliterans, without actual proof. Erb and later Silbert maintained
that it is responsible. Silbert stated that there had been, as far as he knew,
no fully authenticated case of Buerger's disease in a nonsmoker. In over
1,000 cases which he observed there was not 1 patient who did not
smoke. As to the effect of smoking on the course of the disease, it is gen-
eral knowledge that continued smoking is associated with progressive circu-
latory deficiency in spite of the application of all ktiown medical aids. Silbert
stated that he had never seen a recurrence of the disease once it had been
arrested by treatment unless the patient resumed smoking.
"The manner in which tobacco is capable of inducing the pathologic proc-
cess, if it actually is able to do so, is not known. Much work has been done
on sensitization to tobacco in an attempt to solve the problem.
"Harkavy and his associates and Sulzberger and Feit have gone into the
problem extensively. They concluded that a large percentage of persons
suffering from Buerger's disease belong to the category of allergic persons
and that the allergy is manifest to tobacco. Sulzberger and Feit stated that
thromboangiitis obliterans must be classified as 'a condition usually associated
with a specific and marked hypersensitivity of the vascular apparatus of the
skin to tobacco, but without any demonstrable connection with asthma.'
Nicotine-free extracts gave the reactions, whereas nicotine itself did not give
a single unequivocal reaction. Maddock and his associates, could not
demonstrate any parallelism between the hypersensitiveness to tobacco extracts
and the degree of vascular response to smoking. The question whether sen-
sitization to tobacco is the prime factor in the causation of thromboangiitis is
still open. .
"The possibility that chronic vasospasm incident to the use of tobacco for
long periods may in itself be highly important etiologically has likewise been
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neither proved nor disapproved [sic]. It is known, however, that drugs
unallied in structure to nicotine, namely, ergot and posterior pituitary, are
capable of producing peripheral gangrene; thus it is conceivable that nicotine
may occasionally do likewise. It is also possible that chronic vasospasm may
simply be a strong contributing factor to the pathologic process which is main-
tained by some to be due to specific endarteritis. This may well represent
the actual role of tobacco in the causation of thromboangiitis obliterans.
"Whether or not an actual causal relation between tobacco and thrombo-
angiitis obliterans can ever be established, it is an absolute necessity in the
management of this disease to avoid the use of tobacco completely."
Goodman30'3' has offered the suggestion that thrombo-angiitis
obliterans is caused by one of the rickettsiae, possibly that of typhus.
The arguments he presented in favor of this theory are the histo-
logical resemblances between the lesions of the vessels in the two
diseases, and a high incidence of positive skin-test reactions with'
typhus antigen in cases of thrombo-angiitis obliterans. However,
to verify the theory more evidence than this is required. The
objections to Goodman's concept are: (1) the present lack of evi-
dence that the rickettsial bodies occur in lesions of thrombo-angiitis
obliterans, (2) the inability to transmit a recognized form of
rickettsial infection from human tissues with thrombo-angiitis
obliterans to experimental animals susceptible to these organisms,
and (3) the relative scarcity of clinical examples of rickettsial
diseases in this country (even though the numbers are increasing76)
as compared with the large number of patients in all parts of this
country who have the various forms of the syndrome mentioned
herein. Despite the present doubt that rickettsiae may cause
thrombo-angiitis obliterans,79 we cannot dismiss the suggestion
lightly. Further efforts with suitable cultural methods should be
made to find these organisms in the diseased tissues.
With regard to thrombo-angiitis obliterans the majority of
surgeons agree that the outcome of the case depends as much upon
the care given the extremities as upon the forbidding of the use of
tobacco. The performance of a sympathectomy of the involved
extremity is about the only surgical procedure that is broadly
beneficial.
The variocse ulcer and also the phlebitic type of ulcer have
been treated with some success by surgical procedures aimed at
eradication of the varicose veins.38' 39 4 5 Further, the
improvement in these particular disorders that occurs
667YALE JOURNAL OF BIOLOGY AND MEDICINE
with bed-rest and elevation of the extremity is an old
and basic observation. Despite these facts, the ill effects of
venous congestion hardly account in themselves for all of the
features of the disorders as we see them, and even the best-designed
procedures directed at the varicose veins by the most skillful and
painstaking surgeons have been futile in preventing recurrences of
the disease.
The tendency to segregate the disorders connected with ulcer
and gangrene into separate entities, though possibly useful at one
time, is now a hindrance to the unraveling of their causes. More
helpful would be a re-examination of their connections, particularly
any trends that might link them to a specific organism, because most
authorities suspect that these lesions are due to an infectious agent
or are a manifestation of allergy.
Resemblance of this disease syndrome to tuberculosis and syphilis
The methods of study that were combined for the solution of
the problems oftuberculosis and syphilis might be used profitably in
approaching the study of this syndrome. In many ways, such as
the clinical course, multiplicity of lesions, histopathology, and
immunology, they all appear to have features in common. Our
present concepts of these ulcers and the gangrene appear to be in
the embryonic state in which were tuberculosis and syphilis before
their infectious agents were discovered. In the early studies of
both syphilis and tuberculosis the various clinical forms, in which a
common relationship was suspected, came to be grouped together,
until, finally, the connections were verified. It sometimes happened
that disorders with quite indirect relationships were included in the
given syndrome.
After the histological characteristics of the tubercle and the
gumma were recognized, the true parts of these syndromes were
rapidly assembled. In tuberculosis the experimental work with'
animals greatly aided an understanding of the disease. Particularly
important were the analysis of the principal chemical constituents of
the tubercle bacilli and the observations of their separate effects in
animals. This work led to the recognition of the characteristic
reactions of animal tissues to the three principal chemical compo-
nents: the mononudear and giant-cell reaction to the phosphatides,
the tuberculin reaction to the protein fraction, and the immune body
production to the polysaccharide.108
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It is safe to say that the disease, syphilis, as we now know it
to include paresis, tabes, vascular disease, gumma, and dermatitis,
was baffling before the Treponema pallidum and the details of its
primary and late lesions were discovered. Finally, it required the
aid of the Wassermann test and a specific therapy to complete the
picture. At this stage, a good many disorders (induding the ulcers
and gangrene of this report) that were mistakenly included in the
syndrome of syphilis had to be reclassified as unknowns.
The plan of this study
In this communication an attempt is made to re-examine the
clinical features of the disorders associated with ulcer and gangrene
of the extremities, and to analyze some of the factors that interplay
to produce the lesions observed. The material may be grouped
roughly into: (1) clinical observations of the natural courses and
the histopathology of the diseases, and (2) experiments which
involved the culturing of skin scrapings for fungi and the prepara-
tion and testing of antigens from the organisms obtained.
II. THE MALADY
In an earlier report,10' for the purpose of investigation the
several disorders in question were portrayed as a single malady as
follows:
"No single patient at one time presents all of the various lesions that
appear to be associated with the malady under consideration. However in one
day in the clinic for peripheral vascular diseases nearly all forms may be
seen save those that force the patient to take to bed. The malady afflicts
adults of any age, and although it is seen in all walks of life, the poor are
probably the most frequent sufferers. Obese women, or women who have
had children, are perhaps more often the victims than men, but on closer
study of the problem this may not necessarily prove to be true. Severe cases
of the disease are seldom seen in children. In the aged, when the circula-
tion of the blood in the extremities is deficient because of arteriosclerosis and
other senile changes, or in the presence of other types of ischemia, the effects
are probably markedly altered.
"The disabling forms are manifested by lymphedema of the legs, by
inflammatory reactions in arteries or veins, or both, leading to thromboses, or
by ulcerations and indurations of the skin and subcutaneous tissues of the
extremities. Frequently the ulcerations or areas of impending gangrene are
669YALE JOURNAL OF BIOLOGY AND MEDICINE
extraordinarily painful due to a hyperexcitability of nerves involved in the areas
of inflammation. In neglected cases, where the morale of the patient has
been reduced by suffering or by hardship, the disorder may be extensive and
the extremities and the ulcers filthy.
"The patients are likely also to have extensive patches of dermatitis on
their legs, and also upon their hands, trunks, or faces. These lesions are
seldom disabling save when infected with invasive pyogenic organisms that
gain entry via the cracks, fissures, or other lesions which are practically always
present between the toes. An overgrowth or thickening of the toenails, known
as onychomycosis, is common, and the fingernails are occasionally pitted or
fissured.
"The malady Emoulders along for many years, during which time one
form of lesion may be superseded by another. The active disease in some
cases seems 'to burn itself out', but in others the patient finally submits to the
loss of an extremity or to a life of chronic invalidism."
This composite picture of the supposed syndrome departs from
the present text-book descriptions of these several diseases in two
ways. In the first, it places thrombo-angiitis obliterans in the same
syndrome with post-phlebitic ulcer. In the second, it suggests that
these disorders may represent late reactions to the fungi which cause
the various associated skin lesions.
There is no need here to describe fully the clinical features of
the ulcers and the gangrene. I intend to emphasize what I think
are their unusual characteristics and the lesions that accompany them
so commonly as to appear to constitute essential parts of the disease.
III. SPECIAL CHARACTERISTICS OF THESE CONDITIONS
A. Post-phlebitic type of ulcer
Patients who have varicose veins or who have had one or more
attacks of thrombophlebitis are apt to develop ulcers on the legs
and ankles. However, ulcers develop on patients who have neither
of these-the ulcer appears in the center of an area of edema and
induration that has had no known cause save possibly some slight
trauma. In other cases the antecedent lymphedema or varices may
have started insidiously without any of the common inciting causes
for them (surgical operation, pregnancy, trauma, infection) being
in any way apparent.
The ulcers show certain other tendencies, such as: (1) Rest in
bed with elevation of the extremity usually results in a rapid healing
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of the ulceration, which soon recurs, not always at the same site,
some months after the patient resumes physical activity. (2) Areas
that are about to break down and ulcerate are extremely painful,
and so are some of the small chronic ulcers that are often located
near the ankles. Relief of the venous congestion may ameliorate
but does not always relieve this pain. (3) Obliteration of the veins
by ligation and injection of sclerosing solutions may cause healing
of cases of indolent ulcers, but these same procedures are sometimes
followed by a flare of the phlebitis and an aggravation of the edema.
Curiously enough, after this the ulcer may heal only to break open
elsewhere. (4) Although systemic effects do occur with dissemi-
nation of pyogenic orPanisms from the ulcerating areas, yet this is
surprisingly uncommon in terms of the verylarge number of patients
whose ulcers are neglected for many years. This indicates the
presence in the tissues about the ulcer of a fixing process, such as
that described by Menkin,64 or some form of local tissue immunity,
which is not complete, however, for the ulcerations and the neigh-
boring skin lesions abound in pyogenic organisms, usually a hemo-
lytic strain of Staphylococcus aureus. (5) Surgical excision of the
ulcer and its surrounding indurated skin and deep fascia followed
by a grafting of skin may result in permanent healing and a remis-
sion of the disease. On the other hand, this procedure also may fail
to halt the disease. Certain of the failures have been explained on
the basis of an incomplete excision of the diseased tissue, but others,
even though the excision has apparently been adequate, are due to
an extension or a continuation of the disease process. (6) The ulcers
are associated with both near and distant skin lesions. (7) A phle-
bitic ulcer may develop on the extremity of a person with old,
"burned out" thrombo-angiitis obliterans. (8) Local trauma lead-
ing to a break in the skin appears often to be one factor that precipi-
tates the induration or, finally, the actual ulceration. (9) Some
one of the forms of the syndrome herein described is
often mentioned in the family history. (10) These
patients not unconmmonly have arthritis, asthma, or hay fever, and
they are prone to develop hypersensitivity to drugs and materials
used in the dressings of their ulcers.
B. Thrombo-angiitis obliterans
There is no difficulty in the clinical recognition of the typical
case of thrombo-angiitis cdbliterans, for the diagnosis is clearly
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revealed by the sequences of attacks comprising migrating phlebitis,
a minor or major arterial ocdlusion causing intermittent limp, the
development of a painfully necrotic toe or an extremely "irritable"
ulcer on the foot, accompanied by excessive use of tobacco. What is
difficult, however, is the recognition of mild forms of the disease
without arterial thrombosis, or those complicated by other vascular
changes, such as arteriosclerosis and "arteriolar" sclerosis. The
conservative view, based upon knowledge of other infectious diseases,
would seem to be that we must expect to find a number of mild or
arrested forms of the disease for every advanced one. This agrees
with the facts, for the clinician often is forced to conclude that a
particular case of arteriosclerotic vascular disease is complicated by
an "element of thrombo-angiitis."
One may detect in the affected extremities of patients with
thronmbo-angiitis obliterans at least two types of visible vascular
lesion. One of these is the phlebitis migrans of the superficial
venous system, shown as a palpable tender cord in the subcutaneous
tissues of the leg, sometimes of the arm, and rarely of the trunk,
with erythema (the "reticular" type) in the overlying skin. The
acute phase of the inflammation subsides in from one to two weeks,
but the thrombosed vessel remains indurated and thickened for quite
a long period of time thereafter, and may flare repeatedly (Figs.
23 and 24).
The other vascular lesion involves the smallest blood vessels,
the capillaries, usually of the toes, soles, or sides of the feet. Here
in mild cases there are tender patches of hyperemia and edema
(Fig. 22). Pressure on these patches causes them to blanch readily,
but they remain somewhat blotchy with fine streaks of vessels that
retain the pigment in or about them. A release of pressure brings
about an instant return of the hyperemia, far faster here than in
normal areas of skin. As time passes the activity of the process
in these areas may subside, or, conversely, it may increase, with a
merging of these areas until the whole foot becomes hyperemic and
finally develops a homogeneous glossy rubor. This last stage, the
"rubor" of the advanced case of thrombo-angiitis obliterans, is
well known. The lesions of the vessels of the corium in these
granuloma-like patches will receive discussion in the section on
histopathology.
The other special behavior characteristics of thrombo-angiitis
obliterans are as follows: (1) Areas of impending gangrene or of
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ulceration that are secondarily infected are extraordinarily painful.
(2) There is relatively high resistance to invasive infection with
pyogenic organisms, and this is in contrast to the lack of local
resistance in cases of ischemia due to arteriosclerosis or embolism
in which serious invasions 'by pyogenic bacteria are the rule. (3)
Systemic and secondary local infections, the use of tobacco, and local
trauma appear to aggravate the disease. (4) The care of the
extremities is verv important in the outcome of the early case.43
(5) Physical activity appears to have an unfavorable influence. (6)
The cases with lymphedema are usuallyunfavorable ones. (7) The
disease appears to be more cominon than formerly was the case, and
it is by no means confined to smokers or to one racial group. (8)
There are associated skin lesions, but these and secondary associated
allergic disorders such as asthma, hay fever, and arthritis are not
so common as they are in patients with phlebitic ulcers. (9) There
may be a family history of phlebitic ulcer or some
form of the syndrome herein discussed. (10) Trauma
appears to have some role in inciting the disease process.
The methods of treating this disease which have met with some
success are: (1) postural exercises;15 (2) the alternate suction and
pressure treatment known as "Pavaex"; (3) baths with contrasting
warm and cold water; (4) intravenous injections of isotonic sodium
chloride or hypertonic solutions of sodium chloride,9" citrate,9
thiosulfate,82 or tetrathionate;99 100 (5) fever induced by non-
specific protein shock1 or by extrinsic heating devices;1' 15 (6) vaso-
dilation produced by sympathectomy;1 and (7) rather widely known
by the laity94 but seldom mentioned by the clinician, a spa treat-
ment27 to be found at Soap Lake in the State of Washington.*
These heterogeneous therapeutic measures, none of which has
sufficient value to be accepted with any enthusiasm by the majority
of the authorities, represent the best suggestions that have been
made for the treatment of this disease. In seeking to explain these
various treatments, we should temporarily disregard the explanation
currently ascribed to each one and attempt to discover the one action
they all may have in common.
One possible common denominator is their effect on the extra-
*Soap Lake's mysterious qualities that are said to be beneficial for cases of
thrombo-angiitis obliterans may be due to the effect on the skin of the alkaline,
keratolytic water, to the drying effects of the arid atmosphere, and to the lympha-
gogue effect of the sodium ions in the water taken orally.108
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cellular fluid and the lymph flow. Postural exercises and "Pavaex,"
sodium ion preparations, sympathectomy, and fever therapy all
exert a pronounced effect on the flow of lymph. Conceivably cer-
tain of these measures might prove to be useful in the cases of
lymphedema with ulcer where the excess of tissue fluid overladen
with protein and other possible noxious agents has long been believed
to be highly unfavorable. This point will receive further emphasis
in the discussion of the prolonged effect of antigens in the sluggish,
fluid-laden tissues.
Theis and Freeland reported a series of studies on the blood
changes in thrombo-angiitis obliterans and on favorable results with
intravenous injections of sodium tetrathionate. They state,99
"In a series of 7 cases of acute thromboangiitis obliterans in which the
superficial venous blood from the involved extremity could be studied, we
found increased viscosity of the blood, rapid sedimentation of the cells, rapid
coagulation, greatly increased alkalinity, low or normal cell counts and
arterial oxygen saturation and a low carbon dioxide content of the blood.
"In 21 clinically improved or recovered patients with thromboangiitis
obliterans, in normal controls, and in patients with other peripheral cir-
culatory diseases, these conditions were not present.
"Clinical improvement with relief from rest pains in cases of thrombo-
angiitis obliterans is accompanied by normal oxygen saturation of the venous
blood and usually by a normal or piolycythemic blood count.
"With recurrence of the disease, we found a return to the high oxygen
saturation of the venous blood.
"These results suggest that a disturbance in the utilization of oxygen is
one of the conditions in the complex physiology of the blood and tissue
metabolism which are responsible for the acute symptoms of thromboangiitis
obliterans. . .
"Intravenous injections of sodium tetrathionate and sodium thiosulfate
were usually followed by increased peripheral temperatures, decreased pulse
rate and reduction in blood pressure. These physiologic responses were asso-
ciated with changes in the oxygen capacity and in the oxygen saturation of the
arterial and venous blood.
"These effects were opposite to those that occurred with smoking, which
is an important etiologic factor in thromboangiitis obliterans. The therapeutic
value of sodium thiosulfate and sodium tetrathionate is probably due to the
changes produced in the blood and the resulting physiologic responses."
Another report written by the same authors 2 years later sub-
stantiated the early observations they made on the treatment with
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sodium tetrathionate. It is clear that steps should be itaken by
others to verify and utilize these important dbservations. In this
connection it is interesting to note that plant pathologists have
treated trees having vascular disease by injecting the trees with solu-
tions of sodium thiosulfate. There is some evidence which indicates
that a fungous toxin responsible for plant vascular disease may be
inactivated by a reducing agent such as sodium thiosulfate.'04
IV. THE ASSOCIATED DISORDERS OF THE SKIN
The dermatoses that accompany the vascular disorders are
varied. They may be visualized as two types of lesions, the pri-
mary, where pathogenic fungi (dermatophytes) may be found, and
the secondary, which represent a reaction of the tissues to an antigen.
The common bacteria and fungi that normally inhabit skin flourish
in these secondary lesions, but pathogenic fungi are rarely found.
A. Primary lesions
The primary lesions have a number of names. When on the
skin of the feet, they are the common "athlete's foot"; in the
nails, they are often called "trophic changes" or, more properly,
onychomycosis;j7 elsewhere on the body they are "ringworm."
These primary lesions, unless irritated by trauma, too
intensive therapy, or secondary infection, are apt to
be inconspicuous and to cause few symptoms save itching.
Several different organisms are held to be responsible for the
primary lesions of the common forms of dermatomycosis.",25,42,52,107
They are the three species of Trichophyton (T. gypseum, T. pur-
pureum, and T. violaceum) and Candida (Monilia) albicans and
Epidermophyton floccosum. In typical cases the experienced der-
matologist may be able to recognize differences in the characteristics
of primary lesions due to each of these organisms.42' 2 However,
when the lesions are complicated this may not be possible, and an
isolation of the organism by culture is the only accurate means
available for its identification. The times at which positive cultures
are to be obtained in high percentages still remain to be discovered.
In one northern urban locality the frequency of positive cultures
with the customary methods was from 5 to 6 per cent of all cases
with clinical dermatomycosis.47
In the ulcer cases it is likely that primary lesions from which
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pathogenic fungi may be cultured occur on the legs as well as on
the feet. One such lesion I have observed is a small circinate patch
of dermatitis located near the ankles; in the center of such an area
there forms a tiny ulcer or cluster of ulcers that are extremely pain-
ful (this is the description of an "irritable ulcer"). We dbtained
T. purpureum from one of these patients (Case X) by culture of the
scales from the edges of the lesion.
B. Onychomycosis
Fungal infections of the nails have many forms, conditioned in
part by the variety and virulence of the fungus, the growth-rate
of the nails involved, and the part of the nail in which the disease
predominates. An infection beneath the cuticle gives rise to some
thickening and transverse ridging of the nail. Beneath the free
margin the infections and accumulated debris produce hollowed
areas from which foci the organisms may penetrate deeply in
channels toward the root of the nail. The extent of the penetration
naturally is dependent upon the rapidity- of growth of the nail.
When the nail-root and nail-bed are involved, there is marked
irregularity of the whole configuration of the nail, with an enormous
pilingup ofdistorted opaque and discolored keratin material. Nails
of this last type have been labelled "trophic changes" in the illus-
trations of several writers"2 13, 15, 18, 49 on thrombo-angiitis obliterans
(Fig. 16).
All of these lesions of the nails are subject to secondary infection
with various pathogenic and non-pathogenic moulds and bacteria.
Although certain varieties of fungi, such as Candida albicans and
Trichophytoiz purpureum, are said to produce characteristic ungual
lesions,37 42, 45, 52 too many factors are at play, considering that cul-
tural studies are usually not done with enough thoroughness, to
permit us to go very far in differential diagnosis based on external
appearances alone.
C. Secondary lesions
The secondary lesions are so classified because they represent
reactions to the antigen of the organisms which usually cannot be
recovered by cultural methods. Occasionally the Trichophyton may
be cultured from an early secondary lesion of the palm or sole.
Briefly, I interpret the evidence in the literature to indicate that the
organisms at their primary sites release an antigen to which the
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skin and, perhaps, endothelium and certain fibrous tissues become
hypersensitive. The antigen, exposed via the blood stream or by
local inoculation, causes the hypersensitive tissues to react with the
"delayed reaction of infection." The skin of different parts of the
body varies in the degree of its sensitivity to the antigen. Once
established in their primary lesions, the fungi ultimately appear to
gain entry to the blood stream, and they localize only in the most
highly sensitized tissues or where there has been trauma.", 20 36
The reaction which soon destroys the organisms is conditioned by
the degree of sensitivity of the tissue, and this in turn may be
conditionedby the timing of the intervals of release of the organisms
into the blood stream.
1. In phlebitic ulcer
Phlebitic ulcer patients are prone to have all the various types
of the secondary "dermatid" reactions described in the dermato-
logical texts. As a rule they are more acute than are the primary
lesions and cause more marked symptoms, particularly pruritus.
One form, often found on the legs of the patients with the phlebitic
syndrome, shows itself chiefly as an induration and contraction' of
the skin, sometimes so marked that this contributes to the chronicity
of the ulcerations which later develop. A relaxation of this con-
traction is one of the first visible signs of improvement.
2. -Digression to consider a skin lesion whose significance is
commonly overlooked by surgeons
One disabling variety of secondary lesion, clearly a part of this
syndrome, is a widespread papular rash. It usually occurs at a time
when the ulcer or indurated area is growing worse.' It begins with
papules on the flexor surface of the forearms, legs, and thighs,
or on the neck. In the very'acute cases the cheeks, forehead, and
back may become involved. The lesions of the palms may be tiny
vesicles or papules. On the legs they may be petechiae, and on
the soles, tiny hemorrhagic vesicles. 'The picture changes during
the succeeding days, and many varied effects result, particularly if
any of the lesions become infected secondarily, as they often do
because of the scratching. The early stage of this general rash
sometimes is accompanied by fever of 1 00°-1010, and there may be
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a moderate leukocytosis, occasionally an eosinophilia of from 7 to
14 per cent. The lesions gradually enlarge and then tend to
exfoliate. The pruritus may be very bothersome. The patients
usually recover in from 14 to 21 days, but in some cases a general
rash persists and exfoliates for many weeks. The severe forms of
this rash appear to persist for months in elderly men, or, more
commonly, in women who have had or are about to have the meno-
pause. In these cases therapy with androgenic or estrogenic hor-
mone may aid the repair of the skin.
Mild forms of this type of dermatitis are seen fre-
quently, and it is not uncommon for these events to
recur a few days after a patient resumes physical
activity following hospitalization for treatment of
the ulcerations. The donor sites of skin grafts may be the
only areas, aside from palms and soles, to react, and subsequently
these donor areas may have a form of "eczema." A somewhat
similar type of generalized dermatitis, called pyogenic dermatid or
infectious eczematous dermatid, may occur secondaryto longstanding
pyogenic infection of skin lesions.
This type of case is not new to dermatologists, whose descriptive
terms, trichophytide, etc.,11' 56, 107, 109 definitely relate the lesions to
the fungic disease. The importance of these lesions in the ulcer
syndrome has not been recognized by surgeons, nor have the derma-
tologists appreciated the full meaning of the "eczema" in these
so-called vascular diseases.
3. In thrombo-angiitis obliterans
Patients with this disorder usually have some of the secondary
lesions, but they are not so varied and numerous as in the cases
with phlebitic ulcer. If one looks carefully, one not uncommonly
finds clusters of tiny petechiae in the centers of the painful areas
of the feet, and these petechiae may come in crops or waves. In
case XI, to be cited later, the appearance of waves of these
petechiae seemed to presage unfavorable events in the disease (the
loss of another toe), and following a remission of the active vascular
disease there was a wave of the widespread trichophytide form of
the dermatitis. On this occasion the soles developed papules and
a very fewclearvesidces rather than petechiae, and the palms showed
many papules and vesicles.
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V. THE PATHOLOGY
A. Post-phlebitic ulcer
The tissues involved in the process of phlebitic induration and
ulceration show as varied histopathological changes as are apparent
clinically. The cases fall roughly into four fairly typical groups
in which the clinical and pathological features may be correlated.
In all of these the tissues show what may be termed acute or chronic
inflammation with hemorrhage or with fibrosis. At present I
regard the first type to be described as the basic change, to which
three other complicating factors may be added.
(1) The simple or basic example of the phlebitic
induration occurs without ulceration or secondary pyogenic infec-
tion of the skin, and the chief lesions are found in the corium and
subcutaneous tissues, including the deep fascia. There is edema
everywhere in the interstitial tissues, but dilated lymphatics are not
commonly seen in the indurated areas themselves. The tissue is
more vascular than normal and has marked perivascular infiltrations
around nearly every small vessel. One gets the impression that
soon after the numerous newly formed vessels develop, they, too,
become susceptible to the damaging agent, and the cells of their
walls undergo hyperplasia while lymphocytes collect in their neigh-
borhood. There are collections of lymphocytes and mononudears
3cattered here and there through the fatty tissue, which occasionally
shows signs of necrosis. There are marked proliferation of fibro-
blasts and signs of necrosis in the collagen fibers in areas where the
disorder is most active. In the healed areas there is much scarring.
These effects appear to predominate in the corium and in the deep
fascia. Eosinophilic infiltration is negligible, and gross hemorrhage
is uncommon, although signs of hemosiderin deposit are found
scattered widely throughout these areas (Figs. 1, 2, and 3).
(2) Secondary infection, originating in an ulcerating area or a
break in the skin ofany kind, causes, as would be expected, a marked
and sometimes widespread polymorphonuclear infiltra-
tion to be added to the above processes.
(3) To the basic reaction is sometimes added a striking
eosinophilic cell infiltration. These cases appear to be the
rather common ones with an urticarial type of dermatitis. In one
very marked case the lumen of the saphenous vein over its entire
course was partially occluded by an extraordinary eosinophilic cell
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infiltration of the subintimal layer of the vessel. This patient had
an eosinophilia of 14 per cent, which subsided to normal in approxi-
mately 10 days. Three other phlebitic ulcer cases with eosinophilia
were encountered, one having been admitted because of saphenous
thrombophlebitis, and two, because of flares of ulceration. In two
of the cases the eosinophilia disappeared after 10 or 12 days, but
in the third, a woman, the eosinophilia persisted despite a remission
ofthe phlebitic symptoms. In this case the cause of the eosinophilia
was never determined, and it was considered to be constitutional
(Fig.'3).
(4) Signs of old and recent hemorrhage are common,
and may predominate. The basic perivascular infiltration and
endothelial hyperplasia may be obscured in all but a few areas by
scattered diffuse hemorrhages and the accompanying phagocytic and
fibroblastic reactions. Hemosiderin deposition is a prominent feat-
ure and is s'hown grossly by a brown pigmentation of the overlying
skin (Fig. 19).
The four forms of the tissue reactions just described are inter-
preted to represent a basic one with three variants superimposed;
namely, acute pyogenic infection, anaphylaxis (eosinophilia), and
vascular congestion with hemorrhage. The basic reaction, to be dis-
cussed later, is characteristic of "the delayed reaction of infection."
The intensity and extent of this process in these particular tissues
may be enhanced by the lymphedema which may cause retention
of the damaging antigens in the intercellular spaces thereby causing
a continuation of the reaction in the tissues. The hemorrhagic
effects would appear to be due in part to the venous congestion which
commonly accompanies these cases in the form of varicose veins.
This may not explain all examples of the hemorrhagic reaction, and
one must suspect that some of the hemorrhage is the result of acute
local degenerative reactions of small vessels after the manner of
the Shwartzman or the Arthus reactions.2
The regional lymph nodes are almost always enlarged and
matted together, showing microscopically a hyperplasia and marked
signs of chronic inflammatory reaction. They are particularly evi-
dent to the surgeon who may be attempting to do a saphenous liga-
tion. The major lymphatics are not always noticeably engorged
with fluid, but appear rather to have thicker walls than normally.
Scattered throughout the subcutaneous tissues are thrombosed veins
whose walls may be greatly thickened and scarred.
680DERMATOMYCOSIS, ULCERATION, AND GANGRENE
The epithelium shows, in general, less striking changes than
do the corium and subcutaneous tissues. In some cases the atrophy
or the hyperplasia and edema and inflammatory infiltrations of the
epidermis are obvious.
Peripheral nerves which pass through the affected areas show
pathological changes amountingto a chronic neuritis, which undoubt-
edly accounts for the unusual amount of pain suffered by these
patients. In thrombo-angiitis obliterans the small vessels of the
nerves are often involved to a marked degree in the aforementioned
proliferative and infiltrative changes.32
B. Thrombo-angiitis obliterans
At the start of this discussion one must appreciate that for sev-
eral obvious reasons observations on the histopathology of this
disorder have been limited by a lack of suitable material. The
surgical specimens (amputated extremities) are usually valueless
because gangrene or infection has spread through all but the proxi-
mal portions of the limb. Naturally in early cases it is too haz-
ardous to take biopsy specimens from inflamed areas of the feet.
Should such an extremity later be amputated the important lesions
may escape examination, unless they are marked out before ampu-
tation, because the hyperemic areas become invisible as the blood
escapes. Therefore, the fine peripheral lesions that may have
significance are rarely observed. The phlebitic vessels, on the other
hand, can be safely biopsied, but this is not often done at the start
of the process when an organism or the most significant changes
might be found.
The earliest description of the tissues in this disease may have
been written in 1876 by Friedl'ander,29 who described under the
title, "Ueber Arteriitis obliterans," an obliterating inflammatory
process in tumors, tuberculous foci, and extremities. However, he
did not associate these changes in the legs with clinical symptoms
and gangrene as did von Winiwarter,'10 who, in 1879, reported
studies on a single typical amputated extremity. The title of this
publication was "Ueber eine eigenthiimliche Form von Endarteriitis
und Endophlebitis mit Gangran des Fusses." These first descrip-
tions mention all the present text-book features of the histopath-
ology4 78 save the giant-cell foci Buerger described in 1908.12
One of the most satisfactory histopathological studies is that of
Dutil and Lamy2' (1893), who carefully described the proliferative
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and infiltrative changes in the smallest vessels and the scarring of
the affected parts, including the skin. Constam"8 has made the
diagnosis ofthrombo-angiitis obliterans on the basis of these changes
found in the small vessels of amputated fingers. To Buerger, how-
ever, goes the credit for a broad interpretation and an application
of the pathological findings to clinical conditions.
The essential histopathological features of the disease appear to,
be as follows:
(1) Scattered here and there throughout the affected areas are
thrombosed vessels of all sizes including major arteries. The
vessels of the extremities, particularly the legs, are the ones usually
involved (Figs. 5, 8, 23, and 24).
(2) A varying degree of proliferation of the endothelial and
adventitial cells occurs in almost all the vessels of the diseased areas,
and this is most striking in the thrombosed major arteries in the
neighborhood of the inflammatory focus. The appearance here
is quite different from that in any other disease save possibly syphilis
or typhus. The lesions in typhus are perhaps even more acute than
are those in the most acute case of thrombo-angiitis obliterans.111
(3) The cells of the walls of the capillaries, including the
lymphatic capillaries of the affected areas, are swollen and hyper-
plastic. Their perivascular spaces become infiltrated with mono-
nuclear and lymphatic cells which may migrate far out into the
surrounding connective or special tissues. These changes in capil-
laries are notable in granuloma-like areas of the feet, in the tissues
adjacent to the giant-cell foci of Buerger, and in and about the
thrombosed major vessels. An increase of connective tissue is
notable in these areas (Figs. 8, 9, 14, 15, and 22).
(4) The giant-cell foci of Buerger2 13,15 occur in major
vessels, and usually are found in veins. They are characterized by
giant-cell clusters just beneath the endothelium, while nearby in
the thrombosed lumen there is a small focus of leukocytes, sur-
rounded by a wide area of infiltration with mononuclear and lym-
phatic cells. These lesions may originate in a vas vasorum, and
involve the large vessel only secondarily. The so-called giant-cells
are not true foreign body giant-cells, but appear to be proliferating
endothelial cells. Buerger suggested that this lesion is pathogno-
monic of the disease. No one has controverted this point, but the
truth is that the lesion is seldom examined microscopically because
the appropriate spot in a thrombosed vessel is not easily found.-
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PO2ST-PHLEBITIC INDUREATION
FIG. 1. The inzflammatory reaction in the coriom and subcutaneous tissues of Case XVI.
The perivascular reaction is intense in the deeper layers. The lymphatics are dilated. (H. & E.
x 95)
FIG. 2. The perivrascular inflamlmatory reaction with slight endothelial hyperplasia in fat from
anl inldurated area of a typical case without ulceration. (H. & E9. X 450)
FIG. 3. The perivascular reaction which includes eosinophils about hyalinized vessels. This
was from an elderly patienlt having phlebitic induration and ulcer with wideslpread urticarial type
of dermatitis. (H. & E. X 725)
FIG. 4. The late changes in vessels of suchoutaneous tissues at a distance from a healed ulcera-
tion. The new capillaries nearby show signs of the infl.ammatory reaction. (H. & E. X 340)
Several years earflier when this disease was active, the patient had a lumbar sympathectomy
because of marked vasospasm cr f this extremity. Note in the lower corner a nerve which must
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THROMBO-ANGIITIS OBLITERANS
FIG. 5. The giant-cell focus from Ca,se XIII. This biopsy was taken at the time of a flare
induced by fungal antigen. These multinucleated cells always are found at the level of the
damaged endotheliulm of the vessel. (H. & E. x 195)
FIG. 6. A multinucleated cell from the giant-cell fccus of Case XIII. (H. & E. x 700)
FIG. 7. Growing buds of new capillaries in an cld giant-cell focus. These are sprouting
from the neighbarhood of the injured endothelium of the vessel. (H. & E. X 425)
FIG. 8. The inflammatory reaction in a thrombosed popliteal artery in a case of thrombo-
angiitis obliterans of long duration. (H. & E. X 215)
FIG. 9. The inflammatory reaction about capillaries near the popliteal vessels in a case of






FIG. 10. A focus of inflammatory reaction in the p-apillary layer of a mycotic great
toe-nail. Although the nail bed had been stripped from the underlying phalanx, thus destroy-
ing for the sectioni the vessels beneath the epithelium, it is clear that this purulent focus is
in close relationship to the fungi con one side and the capillary layer on the other. (H. & E.
x 275).
FIo. 11. Detail showing the mycelium in the nail. The strands of mycelium appear
to he extending horizontally through the layers cif the nail everywhere except in the neigh-
borhood o~fthis focus, where they dip down to the papillary layer. (H. & E. X 700)
... It~~~~~
FIG. 12. The perivascul-ar reaction in the dermal test area of Case VII. (H. & E. x 95)
FIG. 13. The perivascular inflammatory reaction in the corium of the dermal test area
shown in Fig 12. (H. & E. X 500)
FIG. 14. The perivascular reaction in a granulomatous patch from the foot of a patient
with active thrombo-angiitis obliterans. (H. & E. X 200)
FIG. 15. The perivascular reaction in the foot at a distance from the granulomatous patch
shown in Fig. 14. (H. & E. X 300)DERMATOMYCOSIS, ULCERATION) AND GANGRENE
Buerger says that this lesion dosely resembles syphilitic phlebitis,
but he gives suggestions for differentiation of the two (Figs. 5, 6,
and 7).
Although a satisfactory interpretation of the various lesions
described is hardly possible, the writer proposes for the present to
regard the changes in the smallest vessels as being signs of "the
delayed reaction of infection" already described as the basic reaction
in phlebitic ulcer. This would mean that these vessels have reacted
and may again react to the presence of an antigen in the blood or
adjacent tissue fluid. The giant-cell focus of Buerger may con-
ceivably be regarded as the reaction of endothelium to an organism
or its products, or the effect of "the delayed reaction of infection"
in a subintimal vessel.
C. The dermatoses
The histopathology of the superficial, primary lesions of
trichophytosis may be described as follows: In the epidermis
there is parakeratosis ofthe hornylayer, beneath which small vesicles
containing serum andleukocytes may sometimes be found. Depend-
ing on the intensity of the process there is in the rete malpighii a
varying degree of edema and leukocytic infiltration as a result of
which the cells appear swollen anrd separated from one another by
dilated intercellular spaces. In the corium the grade of edema
and leukocytic infiltration varies with the intensity of the process.
There is a dilatation of the vessels and a proliferation of connective
tissue cells.
To this description, taken from McCarthy,"8 the writer may add
that the perivascular infiltrations with mononuclear cells and
lymphocytes and the hyperplasia of structures of capillary walls
are very prominent parts of this reaction. These changes in small
vessels extend down into the subcutaneous tissues when the lesions
are extensive. (Compare with Fig. 14, a granulomatous patch.)
A deep primary lesion known as trichophyte profunda is charac-
terized by chronic ulcerations that develop after periods of neglect
of extensive superficial trichophytosis. In one such case reported
by Sequeira88 there were minute subcutaneous abscesses bordered by
giant-cells that contained trichophytic filaments, and some contained
spores measuring 7.5 by 3.8 micra. The abscesses contained gram-
positive cocci. The organism was identified as "Trichophyton
683YALE JOURNAL OF BIOLOGY AND MEDICINE
plicatile," and Sequeira stated that it resembled the strain isolated
by Bang.8
In one section of mycotic toe-nail we found fungi in close prox-
imity to capillaries with very little surrounding tissue reaction.
Other sections have shown fungi causing small abscesses in the papil-
lary layer of the nail-bed. It will be recalled that a deep focus in
a nail, such as that illustrated, is in close relationship to highly
vascular tissue. The capillaries of the nail-bed are said to be sinu-
soidal with numerous glomus structures. These subungual lesions
are subject to unusual trauma from leverage on the free end of the
nail. Therefore, they are very important persistent sources for
dissemination of the organisms. They are particularly well pro-
tected from any form of external treatment (Figs. 10 and 11).
In the secondary lesions one notes in the corium the picture of
edema, increased vascularity, fibrosis, perivascular infiltrations, and
hyperplasia of the elements of the capillary walls that is charac-
teristic of "the delayed reaction of infection." Biopsies of positive
skin-test areas have revealed the same tissue response (Figs. 12
and 13).
VI. GENERAL STATEMENT OF THE PROBLEM
An argument to provide a start for an investigation of these
diseases based on the foregoing dinical and histopathological obser-
vations might be constructed somewhat along the following lines:
We would assume at the start that the syndrome is due to an agent.
which produces an allergic state of the tissues, particularly the small
vessels. One form of lesion observed in the patients is purely of
this type, and is typical of "the delayed reaction of infection."
Another lesion, which somewhat resembles the giant-cell foci of
syphilis andtuberculosis, represents a special reaction of endothelium
that may -be due to the hyperergic response in a subjacent vas
vasorum. It may be more than this, possibly a foreign-body type
of reaction to products of an infecting organism.
The primary agent itself is probably a living organism that has
its mode of transmission and invasion. Conceivably it might be
one variety of organism or a group of related organisms of varying
virulence, having the same general sites of predilection.
The allergic or hyperergic state, produced by the patient in
response to the organism and its products, varies in intensity from
time to time, and may be heightened by coincidental exposures to
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stronger antigens (bacterial infections). Possibly, other complete
or partial antigens, such as tobacco, after suitable exposures, stimu-
late cross-reactions of the tissues sensitized to the primary agent.
The cross-reacting antigens may be in origin quite unrelated to the
organism starting the original allergy, as was the case with the
experiments of Dienes and Schoenheit.*21
The antigens at play may conceivably be concentrated in the
affected tissues by the lymphatic stasis which is so common in the
legs, or by an increase of local vascular permeability induced in
vessels damaged by trauma, infection, or ischemia. These factors
might tend to concentrate in vulnerable areas the antigens which
otherwise might exist in harmless amounts in the blood stream.
The sum-total of our present information about the dermato-
phytes and the alle'rgic and other reactions they incite is actually
scanty despite the considerable amount of investigation expended
on them. Many of the present concepts about these infections are
based on experiments that need to be brought up to date. In man
and animals no deep-seated lesions due to these organisms have been
described, save certain experimental ones in the peritoneum, spleen,
liver, lymph nodes, and a clinical form of lymphangitis.
The fact that dermatomycosis adversely affects the outcome of
the syndrome of ulcer and gangrene is beyond doubt. Horton's43
conclusion about the effect of dermatomycosis on the outcome of
throibo-angiitis obliterans is particularly impressive. Further,
Naide67 in 1941 cited clinical evidence in favor of the concept that
the fungi are the actual cause of the disease. He also observed
a high incidence of positive dermal reactions to trichophytin in cases
of thrombo-angiitis obliterans. However, whether the mycosis is
purely a secondary entity, gaining momentum because of lowered
powers of resistance of the extremity, or whether it has a more
basic meaning in the etiology of the vascular disease is a question
that requires further investigation. No matter what may be the
outcome of the theories proposed, it seems necessary to discover
why the dermatomycosis is important in these cases, and how it may
be combatted.
The various experimental studies that have been made as a
* Dienes and Schoenheit produced tuberculosis of the skin of guinea-pigs, and
subsequently inoculated egg-white into the infected area. This method of inocula-
tion caused the reaction to subsequent skin tests with egg-white to be a tuberculin-
type of reaction instead of the usual anaphylactic one.
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result of these thoughts will now be descibed. First to be done
were cultures of the skin to discover what fungi may be present
in these cases. Antigens were prepared from severl of the patho-
genic fungi obtained, and some of the effects of these antigens when
tested on patients were observed.
VII. THE CULTURES
The fungi were cultured* from the scrapings of the skin of the
affected parts of 322 patients who had one or another form of
peripheral vascular disorder. The majority of these patients had
been given, without our being able to prevent it, some sort of
treatment for "athlete's foot" prior to the taling of the cultures.
All of the patients had sufficient symptoms to cause them to visit
the clinic or the hospital, but less than half of them were having
an exacerbation of their disease. Although desirable, it was not
practical in this study to delay treatment of each patient until a
pathogen could be obtained by repetition of the cultures.
The methods for taking the scrapings were gradually improved,
and after the first 200 casest a relatively greater number of positive
cultures was obtained. By the improved method the feet were first
allowed to soak in warm tap-water for 15 to 20 minutes.t The
areas to be scraped were then swabbed lightly with 70 per cent
ethyl alcohol, and with a sharp blade the keratinized epithelium was
lightly scraped off and placed in dry, sterile Petri dishes. Some-
times nails were clipped away and the soft material exposed was
cultured. Approximately five plates were taken at each session.
As soon as the specmens were secured the scrapings were incorpo-
rated into pour-plates with honey-peptone agar. The plates were
* No effort was made to confirm the diagnosis of dermatomycosis on the basis
of microscopical examination of the scrapings, because, even though positive, this
would give no information as to the variety of infecting organisms.
t At this time Dr. J. G. Hopkins indicated certain areas on the surface of the
nails favored by fungi, and we also began to soak the feet in tap-water prior to the
taking of the cultures.
: After soaking in tap-water, lesions of the skin, which at first are invisible,
become visible because of the swelling of the keratin. With this preliminary treat-
ment positive cultures have been obtained when one would have otherwise declared
that a case was entirely free from dermatomycosis. This experience makes it impos-
sible to rely on external appearances alone to certify the presence or absence of
primary lesions and organisms when secondaries may be present.
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sealed with "Parafilm," and organisms were allowed to grow at
room temperature. When colonies appeared they were isolated
and identified by the appropriate mycological methods"° 24, 25, 61
A variety of fungi, too numerous to list here, grew on the
plates. Some of them were the common air contaminants,* while
others were probably. saprophytes, and only a few were patihogens.
As will be seen later, the problem of testing all of these for possible
pathogenicity was too great to be attempted in this study, and,
therefore, only those organisms that have been recognized as
pathogens were considered as such, although in one case Aspergillus
flavust andin othersAspergillus niger were regarded with suspicion.
The nuniber of cases having positive cultures of pathogens were
as follows: Epidermophytonfloccosum, 2;t Trichophyton gypseum,
21; Trichophyton purpureum, 16;§ Candida (Monila) albicans, 29.
These four organisms were identified by their gross cultural charac-
teristics andtheir fruitingbodies, and, inthe case of Candida albicans,
also by fermentation tests. Each Trichophyton culture was saved,
and later, when thedifferent strains were subcultured and compared,
we observed that some showed an alteration in their pigment-
producing power. Certain organisms that formerly had been good
pigment-producers had become poor ones and vice versa. We con-
cluded that the original dassification that we had assigned as to
*The variety of air-borne fungi likely to contaminate these cultures was ascer-
tained by making correlated cultures of plates exposed to the air in four places at
weekly intervals for a period of one year. The six most common air contaminants
were Alternaria, Hormodendrum, Dematium, Aspergillus-Penicillium (considered
as one group for convenience), yeast-like forms, and Sepedonium. The number of
contaminating colonies appeared to vary chiefly with the motion of the air in the
room, while the variety changed with the season. Alternaria and Hormodendrum
were the most prevalent genera in the summer months. In February and March
they almost completely disappeared, and then Dematium and the yeast-like forms
were common.
t Naide has evidence in a case of thrombo-angiitis obliterans that Aspergillus
nidulams was pathogenic. (Personal letter dated September 22, 1942.)
: Obtained three different times from many scrapings of one of these patients;
from within a toe-nail of the other at the first culture.
§ Obtained twice from one patient during active treatment. Once the organism
was cultivated from a gangrenous toe after it had been desiccated and dyed with
gentian violet, but this organism did not produce as much purple pigment as did
the organism of the first positive culture taken from the edges of an ulcer [T. pur-
pureum (Uhlrig)].
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strain "gypseum" or "purpureum" was probably best, but. could not
be relied on as a hard and fast classification.
The rathersmall numberofpositive cultures for pathogens (only
20 per cent) was undoubtedly due as much to our inability to pre-
vent the patients from having some form of local treatment before
we saw them as to our failure to culture repeatedly the individual
case. Another factor may have been the relatively large number
of cases in which cultures were taken when the disease was in a
state of remission with the dermatomycosis at a minimum of activity
or actually quiescent. Of particular interest was the
high proportion in the positive cultures of the
purpureum strain, which in man is recognized as a serious
pathogen. We were not able with any certainty to correlate this
organism with any special type of cutaneous lesion. We observed
on many of the patients the nail lesions that have been described
as characteristic of Trichophyton purpureum, but we were unable
to obtain this fungus in even a single case by culture of the nails.
What positive cultures were obtained came from the cuticle, or the
surface of a nail, or an innocent looking piece of skin rather than
the most macerated material between the toes or the diseased and
softened keratin of nails.
VIII. THE ANTIGENS
The cultures yielded a variety of organisms from which to
choose and prepare antigens. It would have been desirable to
observe each patient's dermal reactions to extracts of his own fungi.
In only a few instances was this done satisfactorily because conflicting
results were obtained with the early tests. The conflicts were later
discovered to be due as much to the difficulty in preparing the
antigens as to the unpredictable reactions of the patients. The plan
evolved was to prepare an active crude antigen from one of the
known pathogens (T. purpureaum strain from our patient, Uhlrig,
case XI*), and with this method as a guide, to make similar extracts
of other pathogens and also of air contaminants which were to be
used as controls.
Information from several sources has suggested that there may
be several antigens in the Trichophyton. Therefore, we assumed
that the extracts desirable for these studies would be crude ones
* The source of the strains of all organisms will be indicated.
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prepared by simple methods. The following were tried: (1) a
trituration of mats with their substrate, then filtration, followed
by sterilization of the liquid by passage through a Seitz filter; (2)
the extraction of an acetone-dried fungic powder with 0.9 per cent
NaCl solution;* and (3) the extraction with the saline solution of
organisms dried from the frozen state (lyophilized) and powdered.
The first method was rejected because the trial extracts of T. pier-
pureum (Uhlrig) made this way were relatively inactive, whereas
the acetone-dried powder of these organisms gave strikingly active
preparations. The acetone removes a red pigment, and possibly
other substances, and, therefore, despite the satisfactory activity of
the extract of the acetone-dried powder, we thought that further
efforts should be made to test crude -extracts that could be prepared
from a standard whole powder.
A powder oflyophilized fungi seemed to offer a logical standard
starting point, but again we found that simple saline extracts of
the lyophilized powder revealed in skin-tests less of the skin-reacting
factor than did the extracts of the acetone-dried powder. However,
leaching of the lyophilized powder with acetone before extraction
with saline resulted in active extracts. We interpreted this to mean
that an enzyme system that destroys the antigen was interfered with
by the acetone treatment. After this fact was discovered the
organisms to be tested were no longer lyophilized, and we returned
to the acetone-dried powder method. The mats were immersed in
a large quantity (S times or more by volume) of acetone in a
"Waring Mixer" in which they were ground to bits. The solid
matter was filtered off on a Btuchner filter, where it was washed with
more acetone, then alcohol-ether and ether, and subsequently dried
in vacuo. Mats so treated yielded extracts of high activity.
The active crude antigens of T. purpureum (Uhlrig) and the
other organisms were prepared as follows: The organisms were
planted in flasks containing honey-peptone mediumt and were
allowed to grow for approximately four weeks at room temperature.
When the mats were thick and sturdy they were removed and dnred
in acetone as described above. The stock antigen was prepared from
100 mgm. of the acetone-dried powder by leaching five times with
* This method was suggested by Dr. Rhoda Benham.
t To one liter of distilled water were added 10 gm. of "Bacto" peptone and
60 cc. of strained liquid honey.
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0.9 per cent NaCl solution containing Merthiolate* 1:10,000. The
final volume was adjusted to 25 cc. In the clinical tests this stock
solution was diluted 1:10 and 1:100 with the saline and Merthiolate.
Rabbits were frequently observed to develop a sizable cutaneous
inflammatory reaction following injection of 0.1 cc. of the control
solution of Merthiolate 1:10,000, and, therefore, in later studies the
concentration of this antiseptic was reduced to 1:20,000. Occasion-
ally a patient developed an inflammatory reaction 1 to 2 mm. in
diameter that may have been due to the Merthiolate. This caused
no confusion in the tests, except in those in which we were studying
the minimum reacting dosage of a highly purified antigen.
IX. THIE INTRADERMAL TESTS
After we were certain of the reliability of the method of prep-
aration and the stability of the skin-reacting factor of the Tricho-
phyton, we prepared by the same method extracts of the other
pathogens and air contaminants in readiness for a series of dermal
tests that were ultimately given routinely to nearly all of the
patients. The organisms used were our own strains of Alternaria,
Aspergillus, Penicillium, Hormodendron, Candida (Monilia) 4dbi-
cans, Candida candida, Microsporon felineum, T. gypseum, T. pur-
pureum, and E. floccosum, and Dr. Benham's strains of T. siolaceum
and T. schoenleini. There were also two broth control solutions in
which the liquid honey-peptone nutrient was diluted 1:0 and 1:100
with the Merthiolate-saline solution.
The dermal tests were performed on patients in the peripheral
vascular and allergy clinics with the aim of observing the variety
of organisms to which the patients might react, and the characteristics
ofthe reactions that might have bearing on the diseases being investi-
gated. Therefore no effort was made to carry out a large series
of control tests in supposedly normal people.
The results of the thousands of tests performed with these
antigens were, with a few exceptions, in general agreement with the
now standard text-book concept of the allergy of fungous
disease.51' 5 The common positive skin-test response was the
delayed, tuberculin-like reaction which developed in 4 to 6 days
and rapidly faded thereafter. The accelerated response was noted
in patients who previously had a positive skin-test reaction with the
* Supplied by Eli Lilly & Co., Indianapolis.
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same antigen. An immediate, urticarial reaction was seen occa-
sionally. It was not so common in the vascular disease patients as
in the controls in the allergy clinic.
Typically the intradermal injection produced a visible, slightly
elevated, blanched area which measured from 7 to 9 mm. in diam-
eter. Frequently anarea oferythema from 2.5 to 3 cm. in diameter,
developed around it, and the whole reaction faded gradually as
the fluid migrated in the tissues. The reaction was observed 20
minutes after the injection, at which time the amount of immediate
or urticarial response was estimated. The area was then examined
on the 2nd day, the 5th day, and when possible on still later days
if the reaction persisted. The usual delayed reaction was a tuber-
culin-like lesion, which ordinarily was a pale pink or red, slightly
raised area. Sometimes it had a dusky hemorrhagic red color with
little elevation, and at others it appeared to be a conglomeration of
petechiae. These hemorrhagic and petechial types were seen most
often in the legs.
Many patients with dermatomycosis 'but without signs of vascu-
lar disease were tested as controls, and a number of these patients
demonstrated the confusing unreliability of negative
tests. As examples one might quote the following cases:
Case I. Positive dermal reactions produced only by the patient's own fungi.
D.N., a medical student, aged 22, had extensive dermatomycosis distrib-
uted as follows: on the soles of both feet, occasional bouts of typical vesicles;
over the right internal maleolus, a patch of dermatitis, 7 x 5 cm.; on all the
antecubital and popliteal spaces, patches of thickened, eczematous-like lesions;
and in the folds of the neck and eyelids, thickened, scaly skin.
This patient had numerous tests with commercial trichophytin preparations
with no positive reactions, but his dermatologist, on clinical grounds, adhered
to the diagnosis of trichophytosis. Our first series of his cultures yielded
T. gypseum, and a strain each of Penicillium, Aspergillus, and C. albicans.
Antigens were prepared from each of these four organisms, and the patient
was tested with the following results: There was an alarmingly large reaction
to 0.1 cc. of the 1:100 dilution of his own T. gypseum, but none to
trichophytin (Lilly) or T. purpureum (Uhlrig). There was a definite
flare of his distant lesions. When these reactions had subsided, he was
tested with the antigens of his other organisms, and there was no reaction
to Aspergillus, a slight reaction to Penicillium, and a severe reaction to
C. albicans, with what was thought to be a mild flare of the distant derma-
tosis. Later this patient was tested with a number of our other trichophytin
preparations, both gypseum and purpureum, and did not react to any of them.
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The experiences with this patient, who had extensive 'dermato-
mycosis and who was extremely hypersensitive, were interpreted
to indicate that the reactions may at times be extraordinarily specific,
the patient reacting, only to the products of the organisms of his
own lesions. Under these conditions of great sensitivity he may
conceivably develop the tendency to react also to secondary con-
taminants in the affected areas.
The next case, however, shows somewhat the opposite tendency,
as follows:
Case II. Persistently negative dermal tests; positive culture (T. gypseum).
H.Z., a medical student, aged 21, complained of varicose veins. He was
found to have a few small varices, a considerable amount of "athlete's foot,"
and enormous patches of dermatitis in the groins. Cultures of the skin of
these areas yielded numerous colonies of T. gypseum and several air con-
taminants. The antigen was prepared from the patient's Trichophyton, but
his reaction to the largest doses measured only 0.3 cm.2, and he failed to react
to any of our other active Trichophyton extracts. Since these lesions might
have been due to the Epidermophyton rather than the Trichophyton which
we obtained, we also tested him with an active Epidermophyton antigen, with
a negative result. This patient's Trichophyton antigen was found to be active
when tested in others. He submitted to innumerable tests at intervals, and
1 year passed before we obtained a positive test which measured 1.2 cm.2
at 48 hours. His patches of dermatitis had disappeared after a simple therapy.
This patient obviously did not have a high degree of sensitivity,
but having such an extensive dermatiitis, even in the absence of
"ids," one might have expected him to have given a positive reac-
tion to his own orgainisms. Unfortunately we did not test his
reaction to antigen injected in the area of healed dermatitis.
A. Control tests on patients from the allergy clinic
In order to provide additional experience on which to base an
interpretation of the dermal tests in patients with vascular disease,
we observed in 20 patients 'having severe allergies the reactions to
the entire series of 13 fungous antigens.
The stock solutions of the antigens were diluted 1:10 and 1:100, and this
one group of preparations was used for all of the tests. The preliminary tests
showed that there might be unpredictably severe reactions, and therefore, the
standard amount given intradermally was 0.03 cc. imstead of the 0.1 cc. that
was commonly given in the other groups of patients with vascular disease.
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The injections were spaced 4 to 5 cm. apart on the flexor surface of the
forearms, and no more than 3 were given in each arm at a session, which was
repeated at 2- or 3-day intervals until all were completed. The 1:100 solu-
tions were tested before doing any 1:10 tests.
It was quite difficult to secure as many as 20 allergic, adult,
clinic patients who were without some form of dermatomycosis or
peripheral vascular disease. Therefore, only when these disorders
were quite prominent were they specially mentioned in the notes.
Patients of all ages were purposely selected.
The readings of the "immediate" reaction were based in general
on the appearance of a wheal, with blanching or pseudopods, within
a period of 20 minutes after the injection. The delayed reactions
were measured on the 2nd and 6th days, and usually they were
watched at intervals until they disappeared. A reaction measuring
under 0.5 cm. was considered equivocal and designated ±; under
1.0 cm., +; under 1.5 cm., ++; under 2 cm., +++; from 2.5
to 4 cm., ++++; and over 4 cm., +++++. There were cer-
tain other difficulties in our interpretation of the recorded results.
The chief of these was the possibility that a patient's responses to
later injections were conditioned by the first group of injections.
The results of these tests, in so far as they seem to have bearing
onour present subjectofvascular disease, may be summarized briefly
as follows: (1) No patient gave a positive reaction to the nutrient
broth. (2) With the fungal antigens there were 150 positive reac-
tions of both immediate and delayed varieties out of the total of
520 tests. The 25 reactions classified as plus-minus were not
counted as true positives. (3) There were 62 immediate reactions,
22 with non-pathogens, and 40 with pathogens. (4) Of the 62
immediate reactions, 37 were followed by delayed reactions that
were often quite severe. (5) There were only 7 examples of the
hemorrhagic type of reaction. (6) Although no patient had a
completely negative response to the whole series, two had negligible
reactions, with only a + (allergy case 20, a 70-year-old woman)
or two ± reactions (allergy case 10). (7) In one case a report
from another hospital revealed a negative oidiomycin test, but in
our group this patient had the severest reaction to Candida albicans
and a minimal response to Candida candida. (8) There were sev-
eral instances of flares of other skin tests, of systemic reactions, and
flares of distant disease that deserve special description.
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Case III. Fading C. albicans reaction flared by Aspergillus
Allergy Case 1. A 17-year-old white girl had vasomotor rhinitis and
intermittent eczema-like dermatitis. She was highly sensitive to spring and
fall pollens and to house dust. The first series of skin tests with the 1:100
dilutions included Aspergillus and Candida albicans. The former caused
no reaction, but there was a severe one with the latter. When this reaction
had nearly faded away, the test with Aspergillus was repeated 1:10 in the
opposite arm, and this was followed by a marked flare of the earlier Candida
albicans test. Later, when all had faded, she was tested with M. felineum,
T. schoenleini, and T. purpureum. None of these caused any kind of local
reaction, but the patient experienced a severe general systemic reaction char-
acterized by congestion of the nose, vertigo lasting for one hour, and head-
ache for 4 hours. These systemic symptoms were interpreted to be due to a
psychic reaction which in turn induced marked vasomotor changes.
Case IV, Fading T. violaceum reaction "flared" by house-dust antigen
Allergy Case 2. A 21-year-old Jewess had been attending the clinic
most of her life, having had the following diagnoses: chronic pharyngitis,
bronchitis, allergic rhinitis, dermatomycosis, and dermatitis venenata. The
recurrent dermatitis once was "traced definitely" to Life Buoy soap and once
to printers' ink. The patient was hypersensitive to house-dust. She had a
strongly positive skin reaction to T. violaceum, which had nearly faded away
when she was given a routine injection of house-dust antigen. There was
a pronounced recrudescence of the reaction at the site of the T. violaceum
injection 24-36 hours after the house-dust had been given.
Case V. Severe reaction to C. albicans and C. candida followed by asthmatic
attack
Allergy Case 5. This 28-year-old Italian, who had suffered from bron-
chial asthma since the age of four, had a negative test for Candida albicans
elsewhere. In our tests he gave only a mild reaction to the first injection of
1:100 solution of this fungous antigen, but his reaction the following week
with the 1:10 solution was very severe, and he had an attack of asthma 48
hours after this injection. This patient also reacted to Candida candida, but
to none of the other antigens.
Case VI. "Flare" of "varicose eczema" 48 hours after intradermal injections
Allergy Case 18. A 64-year-old man had arrested pulmonary tuber-
culosis, chronic asthma, and severe hay fever. He also had extensive varicose
veins of the legs and much dermatomycosis including large patches of
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"varicose eczema." The first series of tests given included E. floccosum,
C. albicans, and T. gypseum, and he gave positive reactions to each of these.
E. floccosum remained positive for 19 days, while the other two faded within
6 to 8 days. Beginning after 48 hours the skin lesions of the legs and ante-
cubital spaces "flared," the "varicose eczema" became moist, and the petechial
lesions became more intensely hemorrhagic.
B. The dermal tests in post-phlebitic cases
Dermal tests with antigens of each of the four pathogens,
T. purpureum, T. gypseum, E. floccosum, and C. albicans, were
given to 66 patients having some form of phlebitic ulcer or phlebitic
induration. A series of tests with different doses of each antigen
was sometimes necessary to determine the degree of a patient's
sensitivity to an organism. Seventeen of the tests were not com-.
pleted, but these for the most part were in cases in which Tricho-
phyton antigen of one species had given a positive reaction, and
we did not repeat with the other. When the data were tabulated,
most striking was the high percentage (92 per cent) of positive
reactions to at least one of the four pathogens. Among the 66 cases
only three had negative and two had equivocal reactions (measuring
0.5 cm.2 or less, classified as ±) to all of the antigens.
Candida albicans is a frequent inhabitant of the digestive and
reproductive tracts of patients without signs of disease, and, there-
fore, its position as a pathogen and the significance of the skin
reactions to its antigen are not entirely clear.10 The pathogenicity
of the other three organisms is more definitely established.24 25
Their antigens gave positive reactions in 80 per cent of the cases,
with the numbers of cases in each group as follows: all were negative
in 9, equivocal (+) in 5, and tuberculin-like in 49. The antigen
of T. purpureum caused aisurprisingly large number of positive
reactions; 4 were immediate, and 43 were delayed.
C. The effect of lymph stasis on the dermal reaction
An error in performing an intradermal test brought out a fact
that may have an important bearing on the disorders under investi-
gation. A patient who had an equivocal reaction to a test given in
the left forearm was subjected to another test of the same antigen
in the right forearm. The resulting reaction was far more severe
than would have been expected, and on investigation as to the pos-
sible cause the arm was found to be moderately swollen because of
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arthritis of the right elbow and wrist joints. We conduded that
one explanation for the exaggerated effect was a prolongation of
the action of the antigen because of its retention in the edema fluid.
This point appeared to be so important in reference to the whole
group of cases with edema of the legs, that we soon performed
further tests in the edematous extremities of patients with the
phle'bitic syndrome. These studies revealed that there is consider-
able variation in the duration and extent of the reaction in the legs.
Although theobservations are not numerous enough to be considered
complete, the trends will be described to provide a start for further
studies.
It will be recalled that the usual delayed reaction on the fore-
arm appears in 2 to 3 days, and, except when severe, disappears at
the end of 6 and certainly after 8 days. The same intradermal
dose of the antigen in the leg of a control case (without vascular
disease) usually caused a less marked reaction Which lasted a few
days longer than the reaction in the arm. In the swollen extremity
with the phlebitic syndrome, the dermal reaction was quite variable.
Sometimes at first it appeared to be negligible, but slowly spread
peripherally while the center cleared. The epidermis in the leg
was seldom as noticeably elevated by local edema and infiltration
as it was in the arm. It was not uncommon for the reaction in
the leg to continue to extend and to remain visible for as long as
21 days, at least 2 weeks after the control reaction in the forearm
had disappeared. We were unable to follow to their disappearances
all of thesedermal reactions in swollen legs, but we dbserved enough
of them to know that they may persist for several weeks.
The study of the intradermal tests in the legs as compared with
the arms led to the following tentative conclusions: (1) The skin
reactions in the legs varied from case to case in duration and in
appearance, but almost always the reaction appeared different and
lasted I or 2 weeks longer than the control in the arm. (2) The
vascular component of this dermal reaction is more readily visible
in the leg than in the arm. (3) The differences in these reactions
may have their origin in part in the greater thickness and toughness
of the skin of the leg, but this is probably not the important factor.
(4) The degree of sensitivity of tissues in different parts of the
body may vary, and the tissues of the region of the lower saphenous
system maybeparticularly sensitive. (5) Edema of the extremity,
by retaining antigens of various types including the ones injected,
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may prolong and thereby enhance the action of an intradermally
injected antigen (Fig. 20).
The following case deserves special description because this
patient showed many unexpected effects o,f a large dose of antigen
in a swollen leg. It was the first case in which we were aware
that a "flare" had occurred, and it gave us the idea of watching for
flares in other cases.
D. The flare of distant lesions following intradermal injections of
fungous antigen
Case VII. Prolonged "flare" of hemorrhagic type of "hypostatic eczema"'
and of early dermal test area
Mr. A.M., N.H.H. No. B13272, a mechanic, aged 34, complained at his
first visit that his right leg was about to ulcerate. Over a period of several
years, without definite attacks of phlebitis, swelling of the leg developed. For
2 years a dermatitis had been present on this leg and was gradually getting
worse. This skin disorder, located chiefly over the lower saphenous area,
appeared to be made up of many petechiae which, where they coalesced,
formed spots of necrosis that were covered with yellow crusts (Fig. 17).
The central area, measuring about 6.0 cm. in diameter, was obscured by this
crust. There were spots of brown pigment here and there at the periphery
of the cutaneous reaction. The leg was swollen, and there were deep
patches of induration beneath the cutaneous lesions. There was rubor of
the skin of the forefoot, and abnormality of the circulation of the superficial
cutaneous vessels, yet the dorsalis pedis and posterior tibial pulses were normal.
The patient was highly sensitive to three pathogens but not to the control
broth. He gave the following dermal reactions: C. albicans increased slightly
at 20 minutes, not enough to list as a definite immediate reaction. There
was a faint delayed reaction measuring 0.6 cm.2 at 48 hours and 0.8 cm.2
at 5 days. T. purpureum caused no immediate reaction, but on the arm
and leg at 48 hours there were reactions which measured 0.9 x 0.8 cm.
These had a dusky red color and a slightly necrotic center (Fig. 18).
On the fifth day the patient permitted a biopsy of the dermal test areas
of T. purpureum. At this time the rash had become more intensely colored
and the individual lesions, particularly the large confluent ones, were quite
tender. The biopsied tissues revealed a moderate degree of "the delayed
reaction of infection" (Figs. 12 and 13). The cellular reaction in the skin
of the leg was identical with that of the arm. The wounds did not heal
normally, remaining as reddened areas for some time longer than small clean
surgical wounds should have. Following the biopsy the primary lesions of the
697YALE JOURNAL OF BIOLOGY AND MEDICINE
dermatomycosis on the feet were treated and the mycotic nails were trimmed
away. The dermatitis slowly cleared leaving deposits of hemosiderin in its
wake. The swelling of the leg also diminished but did not disappear.
Nine months later the intradermal tests were repeated in arm and leg,
this time with a freshly prepared, highly active antigen of the same strain of
T. purpureum. There was no sign of dermatitis at this time, but the hemo-
siderin deposits of the former areas and the healed scars of the biopsies were
quite obvious. There was no immediate reaction to the antigen. At 48
hours a reaction which had developed on the arm measured 1.0 cm.2 and on
the leg 0.9 cm.2 An extensive area of dermatitis had appeared over the inter-
nal malleolus and there was some capillary congestion in the area about the
biopsy scar on the leg. At 5 days the vascular reaction about the scar on
the leg measured 2.0 x 2.5 cm., but the scar of the forearm remained as
before without reaction. A week later the dermal test of the forearm had
disappeared, but the reacting areas of the leg were slightly larger and possibly
more intense (Figs. 19 and 20). The leg was quite swollen, and this did
not entirely disappear at night. Two months later, when the dermal test
reaction and the flare had not appreciably faded, the patient was advised to
wear a well-fitted elastic stocking. This considerably diminished the edema,
and within 10 days the dermal reaction faded, leaving further telltale deposits
of hemosiderin. Months later the process remained inactive, and the swell-
ing of the leg was less than it was during the flare.
This case showed the following items of interest: (1) A flare
of the dermatitis or so-called "hypostatic eczema" occurred at the
time ofthe first series ofintradermal tests. (2) The biopsy wounds,
though made with great care, healed poorly; there was no definite
suppuration.* (3) The second series of dermal tests caused a reap-
pearance of the dermatitis at a different site. The new area to
be involved was lower on the leg, but still within the old edema
area. (4) The skin about the scar of the early biopsy on the leg
flared following the last series of intradermal tests. This indicated
that the sensitizing process, whatever it was, had diffused rather
widely from the site of origin. Whether this was produced by the
original injection of antigen, or by trauma, or by the reaction which
occurred after the biopsy, was not determined. The edema of the
leg persisting during all of these events may have had a part in
this, for no sign of flare appeared at the site of the skin biopsy on
the arm. (5) The edema of the leg appeared to be greater after
*Weidman107 mentioned the delayed healing of wounds on the hands or feet
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each series of tests. (6) The reaction at the site of the intradermal
test in the leg remained present for weeks after that on the arm
had completely disappeared. (7) The wearing of an elastic stock-
ing was soon followed by diminution of edema and a fading of all
the skin reactions on the leg.
Other instances of flare of distant lesions pos-
sibly precipitated by an intradermal test were observed
in the post-phlebitic group of cases. To most of these
patients any further disability leading to loss of work or hospitali-
zation would be a great hardship. Therefore the number of cases
suitable for clinical studies of the flare was limited. Whenever
feasible the tests were given with moderately large doses of the
antigen in order to probe the flare problem.
We were aware of the fact that we might mistakenly attribute
a natural relapse of the disease to the coincidental and possibly
entirely separate effects of the antigen injected. We tried to guard
against this by watching patients for some time before giving the
flare tests, and to select those whose disease was improving or at
least stationary. The method finally adopted was first to carry
out the routine dermal tests with minimal doses to determine to
which pathogens the patient reacted. This usually required two
weeks. If the patient reacted to one of the pathogens, and appeared
for other reasons to be a suitable case, the same or a larger dose was
injected intradermally in both arm and leg, and the subsequent
reactions were observed as often as we were able. The clearest
cases are the following:
Case VIII. Severe flare of dermatitis following repeated injectlons of antigen
Miss M.C., N.H.H. No. A73394, a 71-year-old Irish spinster, had a rash
on her swollen legs for 7 years. She had had varicose veins for many years.
The swelling of the legs had occurred graduallv without any obvious precipi-
tating cause. An ulcer occasionally formed and healed on the right leg.
Two years earlier the rash had been quite extensive on the arms, legs, and
trunk, and pruritus was marked. She had been treated in the skin clinic for
"hypostatic" or "varicose eczema" at intervals for 5 years, and finally was
referred for saphenous ligations because the dermatitis of the legs had recurred.
The patient was a well-preserved elderly woman whose general examina-
tion was negative save for the blood pressure of 240/90 mm. of Hg, and
the disorders of the extremities. The moderate edema of the legs was not due
to congestive failure or nephritis. There were a few varices visible. A der-
matitis in patches on the lower legs, on the dorsum of the feet, and between
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the toes was marked. It was characterized by some induration of the deeper
subcutaneous tissues, a purplish color, a scaling at the edges, and a tendency
of the centers to weep. The nails were opaque, moderately thick, and had
transverse ridges.
Despite the fact that she had been having fungicidal therapy, attempts to
culture fungi were made, but no pathogens were obtained. The intradermal
test of June 26, 1941, with the antigen of T. purpureum was positive (+)
at 48 hours and again at 5 days. There was no reaction to T. gypseum,
E. floccosum, or C. albicans. On August 6, 1941, the same dose of the
antigen of T. purpureum was repeated. The reaction at 48 hours measured
2.3 x 2.1 cm., and at 5 days it had almost completely disappeared. Two
other tests of crude polysaccharide of this organism were given at this same
session, and they both gave quite severe reactions measuring about 2 cm.2
On September 24, 1941, the same dose of antigen was repeated, and the
reaction at 48 hours measured 1.1 cm.2 and at 5 days 0.8 cm.2 The skin
reaction this time had a dusky, red, hemorrhagic -color, and it remained
visible for nearly three weeks, finally scaling and leaving a bit of hemosiderin
deposit. Coinciding with this reaction was an increase in the itching and
burning of the lesions of the legs, and a new lesion appeared on the left
foot. The lesions cracked and exuded serum. The tissues about the lesions
became stiff and indurated. The patient then declared that this had occurred
after the previous injections, but we had not inquired specifically about this
symptom so she had not mentioned it.
On November 25, 1941, the patient was given 6 intradermal tests, 3 with
heated and 3 with unheated highly purified polysaccharide (specimen Al.
No. 1). The doses for each were 0.3,ug., 1.0 Ag.. and 3.0yg. There was
no reaction to either of the 0.3,ug. doses, but the larger doses of both heated
and unheated samples gave reactions measuring 0.5 cm.2 These reactions
were visible at 48 hours and remained for at least 5 days. The patient again
complained of increased itching and a renewal of the weeping of the legs,
and the lesions appeared to be more inflamed and active than prior to this
series of tests.
On December 9, 1941, an intradermal injection of 5.0 Mg. of another
fraction of polysaccharide was given. At this time the reactions of the legs
had subsided. At 48 hours the skin reaction measured 0.6 cm.2 and at 5 days
it was 0.7 cm.2 On the fifth day the patient stated, "Each time I have the
skin tests the skin about my ankles gets stiff, cracks, and oozes, or even bleeds."
On the other hand, our notes at that time stated that many of the lesions she
first presented had cleared, and despite the temporary flaring of the lesions
with the tests the total disorder had greatly improved.
The cracking and weeping of the skin of the legs did not satisfactorily
subside after this last test, but gradually became worse despite all efforts at
local treatment. She developed moist areas between the edematous toes,
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and the pruritus was worse. In April she developed a generalized pruritus
associated with papular lesions of the skin of almost the entire body, and she
was hospitalized. The moist lesions on the legs appeared to be secondarily
infected and yielded a hemolytic strain of Staphylococcus aureus, a non-
hemolytic streptococcus, and E. coli. The dermatologist suggested that this
latest reaction was an infectious eczematous dermatitis, and recommended
that the patient be treated with sulfathiazole ointment.
After this 'treatment was started on April 11, 1942, the entire process
became much worse; the skin everywhere was edematous, and tended to weep
and scale. The ointment of sulfathiazole was discontinued, and little was done
save to keep the skin as cool and dry as possible. The patient was miserable.
On April 24, because two other women with this sort of generalized skin
reaction appeared to have been benefited by injections of estrone, this patient
also was started on a course of this hormone, receiving 0.1 mg. intramuscularly
every four days. On April 28 the dermatitis obviously was better, and on
June 4 the notes state, "the rash has cleared a great deal." The patient
was discharged on June 25, 1942, greatly improved. The swelling of the
legs remained, and there was slight scaling and pruritus of vague lesions on
the legs. The skin elsewhere was clear. She has not been entirely free of
a scaling and itching of the legs during the past 9 months, although she has
continued to take the estrone. There are no visible patches of discrete der-
matitis, and the toes are no longer swollen.
The following oonclusions were considered: (1) The first two
courses of injections of antigen heightened the sensitivity of the
patient to such a degree that the two later injections induced flares
of the distant dermatitis. (2) The fissures of the skin of the
extremities became secondarily infected with the common surface
bacteria, and the patient ultimately developed a generalized coccal
dermatid, sometimes called infectious eczematous dermatitis. (3)
The estrone by its stimulant action aided ultimately in the repair
of the skin.
Another variety of flare of the phlebitic induration, possibly
induced by trichophytin, is illlustrated by the following case report:
Case IX. Flare of phlebitic induration
Mrs. L.E., N.H.H. No. B18368, a 51-year-old widow, had an ulcer
of the right leg for two years, and for several years preceding the develop-
ment of the ulcer she had noticed varicose veins. The patient was emaciated
and anemic. On the right leg there was a large indolent ulcer surrounded
by dermatitis and induration. The feet were dirty, and there was marked
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onychomycosis. The patient was provided with the means to obtain a more
complete diet, and was given an oral iron preparation for the secondary
anemia. Her feet and legs were cleansed, and the ulcer soon appeared less
indolent and the dermatitis no longer was moist. After two weeks, when
these reactions indicated some slight improvement, the patient was subjected
to a series of skin tests with antigens of the four pathogenic dermatophytes,
and also with "Trichophytin" (Lilly). There was no dermal reaction to any
of our antigens, but "Trichophytin" (Lilly) caused a marked delayed reaction
measuring 2.8 cm. x 1.6 cm. This was visible at 48 hours, and was pro-
nounced at 6 days. On the seventh day after the injection the swelling of
the ankles was worse and the ulcer was more painful. These developments
were marked on the ninth day, and soon increased to the point where the
patient was incapacitated and had to be admitted to the hospital on the
fourteenth day. After several days in bed with the legs elevated the edema
subsided, pain was relieved, and the ulcer began to heal. The patient would
permit no further skin tests because she claimed they had aggravated the ulcer.
One can not be certain that the antigen injected was the direct
cause of the patient's relapse, but the sequence of events was sug-
gestive, and was borne in mind, later to be compared with the
following case:
Case X. Two flares of phlebitic induration with aggravation of edema
following dermal tests; positive culture (T. purpureum)
Mrs. A.U., N.H.H. No. 27526, a 45-year-old Polish housewife, had an
"irritable" ulcer above the internal malleolus on the left leg. Seventeen
years earlier she had had "milk leg" after a pregnancy, and the edema per-
sisted for three to four years. She claimed that there was then an interval of
nearly. ten years during which she had little or no edema, but it returned
and varicose veins became visible three years prior to this admission. The
edema had noticeably increased after a saphenous ligation with retrograde
injection of veins of this leg. An ulcer appeared following several injections
of veins with sclerosing solutions. The patient also suffered from chronic
bronchitis and asthma and chronic arthritis.
From the skin about this very painful ulcer we obtained T. purpureum.
During the months of March and April of 1941 she had numerous intrader-
mal tests, and there were positive reactions to T. gypseum, E. floccosum
T. schoendeini and C. albicans. While we were carrying out these tests the
ulcer became extremely painful. All sorts of local treatment, and also a
course of potassium iodide orally, gave no benefit, and finally, because of pain,
we were forced to hospitalize the patient. Rest in bed with elevation of the
extremity also was ineffectual for the relief of the pain, and we resorted to
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the old operation of a semilunar incision of all layers just proximal to the
ulcer. This caused anesthesia of the ulcer area, gave relief from pain, and
the ulcer rapidly healed and has remained healed to date (two years).
Beneath the scarred area of the old ulcer remained a congested mass of
veins, but there has been no sign of ulceration although these veins have been
untreated. Most of her other symptoms improved, and her only complaints
were referable to the asthma and arthritis.
In April, 1943, the patient submitted to a repetition of the skin tests.
The scarred area distal to the healed incision was still anesthetic, and beneath
the skin was the aforementioned spongy mass of veins. There was no redness
or tenderness or induration. The legs were not swollen. On April 21, 1943,
she was given 10 intradermal tests with 5 preparations of antigen of T. pur-
purem of different degrees of purity. She received a total of 5.5,ug. of
antigen, showing at 48 hours and 6 days strong reactions to 3 of the prepara-
tions and slight ones to the other two. On April 26, 1943, we learned that
for 3 days she had noticed more asthma, considerable pain in the joints, and
swelling of the leg. The pigmented area of the old healed ulcer scar was
now indurated and was surrounded by a rim of redness and induration approxi-
mately 1.5 cm. wide. The center of the scar showed signs of breaking
down, but the acute process slowly subsided with rest and elevation of the
extremities. Two months later the old ulcer area was still painful, and the
patient inquired whether the injections were responsible for the reactivation
of the process.
There seems to be no doubt that the last series of intradermal
tests. produced a flare of the apparently quiescent disease. It is
possible that the first series of tests also caused a flare which made
the operation necessary. However, so many other factors were at
play in the first series of tests that we could detect only a gradual
worsening of the disease. The case further illustrates the inex-
plicable association of varicose veins with the ulcer. The operation
in no way diminished the venous congestion and did not obliterate
the varicosities of the so-called "feeder" type that so commonly lie
beneath an ulcer, yet the area healed. The case also illustrates the
rather common association of asthma, bronchitis, or arthritis with
the phlebitic syndrome. Further, the flare of the induration was
accompanied by an increase in the edema of the legs.
E. The dermal tests in cases of thrombo-angiitis obliterans
The tests as described for the phlebitic ulcer cases were also
performed in 37 cases of thrombo-angiitis obliterans. The results
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were as follows: In no case were all tests negative; 3 were equivocal;
34 reacted to at least one of the antigens. Only 3 cases gave
immediate reactions and these were severe cases with long-lasting
ulcerations. One of the 7 immediate reactions was with C. albicans
but the other 6 were with a Trichophyton. If we were to omit the
reactions to C. albicans, 73 per cent of the cases gave delayed reac-
tions to the 3 pathogens, of which all were negative in 5 cases,
equivocal in 9, immedlate in 4* and delayed in 26.
F. "Flares" of lesions of thrombo-angiitis obliterans following
dermal tests
There were several remarkable coincidental reactions that
deserve special description here. The first of these observations
was in the case of Uhlrig, whose strain of T. purpureum was used
for the stock antigen in nearly all of these studies.
Case XI. Petechial type of dermal reaction changed to tuberculin type after
remission of thrombo-angiitis obliterans; local and general sulfathiazole
sensitivity
Mr. H.U., N.H.H. No. B3734, aged 38, an electrical engineer, who was
born in Kansas of German stock, was admitted March 4, 1940, complaining
of pain in the right fourth toe. He was a habitual smoker of cigarettes. He
had suffered a bad sprain of the right ankle ten years earlier, and at some
unknown time, perhaps a year prior to admission, had an attack of "inflam-
mation" of the superficial veins of this leg. He had been bothered with recur-
rent attacks of athlete's foot for at least a year. For six months, in the calves
of his legs, he had crampy pains which appeared after walking about a
block, but with further walking the pain disappeared. He had noticed some
red discoloration of the right fourth toe for several months, but he believed
that the severe pain began a month before admission and was precipitated by
a pair of shoes that proved to be too small.
The positive findings were confined to the extremities. The right fourth
toe was blue, and from its base on the dorsum of the foot there was a wedge-
shaped area of erythema. There was an ulcer on the fourth toe involving
a phalangeal joint. The dorsalis pedis pulse was absent, but the posterior
tibial was normal. There were fissures between several of the toes, and the
nails, particularly of the right great toe, showed a moderate amount of
mycosis. There were scattered pigmented areas about the veins of the right
* In three of these cases there were also delayed reactions, but one with marked
immediate reactions to both T. purpureum. and E. pZoccosum did not give any sign
of delayed reaction.
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leg, and some of the veins of the lower saphenous system were unduly prom-
inent and had incompetent valves. Pulses of the legs as shown by the oscil-
lometer were normal on both sides. The left leg and foot were normal save
for signs of mycosis between the toes and in several of the nails, particularly
toes one and two.
The patient had extreme pain radiating from the affected toe, and on
March 12, 1940, the right superficial peroneal nerve was crushed. The
pain was greatly relieved, and it was possible to dry the toe so that a guillo-
tine amputation could be done on March 26, 1940. The healing progressed
rapidly, and the patient was discharged May 1, 1940, with a small draining
sinus leading to bony sequestrum, which was removed two weeks later
during a brief re-admission.
Positive cultures: While the patient was under observation we made five
attempts to culture the skin scrapings, and on one of these obtained a strain
of Trichophyton purpureum. The amputated toe, which had been desic-
cated with alcohol and with gentian violet, was also cultured, and from the
root or cuticle a Trichophyton was recovered. This strain probably was
attenuated, for it did not have the same pigment-producing qualities as the
first one obtained.
Re-activation of disease: During the summer of 1940 the sinus closed slowly.
There were repeated, mild, obvious bouts of dermatomycosis at various places
or both feet, and the patient had large patches of intertrigo in the groins.
In September, 1940, we became aware of the fact that petechiae were appear-
ing in waves on the sole and toes of the foot, and there was a little edema.
Oscillometric readings remained the same as first recorded. An ulcer
appeared at the site of the sinus tract and it enlarged to involve the base
of the third toe. Pain recurred, and it was necessary to re-admit the
patient. To relieve pain we crushed the deep peroneal nerve on September
29 and the posterior tibial on October 9.
Reaction to dermal test (Fig. 21): On October 12, 1940, the patient was
given in the right forearm a dermal test of antigen prepared from T. pur-
pureum (strain of Dr. Rhoda Benham). At 48 hours we noted a reaction
which resembled a wreath-like accumulation of petechiae, measuring 0.7 cm.2
The reaction increased in size until on the sixth day it measured 3.5 cm.2,
and as the petechiae spread at the periphery, the reaction faded in the center.
On October 18, 1940, he was given five more intradermal tests. The anti-
gens were: control broth, Candida albicans, Penicillium, T. gypseum (our
Nichols strain), and E. floccosum. There were no reactions to the control
broth, Penicillium, or E. floccosum. There was no reaction to C. albicans
or to T. gypseum at 48 hours, but at 6 days each had caused reactions meas-
uring 1.5 cm.2 They were tuberculin-like, and looked quite different from
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the earlier reaction to T. purpureum. This reaction, however, had obviously
flared with a return of full color to its fading petechiae, and the central
clear area refilled with spots just as it was at the beginning of the reaction.
TIhe patient complained of malaise, and we noted that whereas he had
been afebrile for weeks, he had an elevation of temperature (oral) to 1000 F.
on the evenings of October 15 and 19. The positive cutaneous reactions
slowly increased in area until on November 2, 1940, that to C. albicans
measured 2.5 cm. by 2.2 cm. After this time they all slowly faded, but
in that to T. purpureum there remained a visible deposit of hemosiderin.
Severe pain; disease progresses rapidly: During the three weeks occupied by
the skin-test reactions, the ulcer increased in size, involving the third toe
and the plantar skin beneath it. The pain became intense in the distribu-
tion of the sural nerve, and was vaguely beginning to return in the super-
ficial peroneal distribution, although the ulcer itself was anesthetic. Many
different measures were applied to the foot and the ulcerating area in an
effort to halt the progress of the ulcerative process, but none had any bene-
ficial effect. We discussed the possibility of the dermal tests having aggra-
vated the condition of the foot, but set the idea aside as improbable. The
ulceration finally involved both the digital arteries, the third toe became gan-
grenous and was amputated. The sural nerve was crushed on November
27, 1940, with considerable relief of pain.
The ulceration slowly extended toward the second and fifth toes. Pain
increased in the foot despite anesthesia of the areas. The problem of pain
was so serious that we recommended lumbar sympathectomy, but the patient
would not consent to this operation. He did permit us to perform further
skin tests with the antigen of T. purpureum! One test on November 30
with another active strain (our Morrow) was negative; another on December
14 with the patient's own strain in small dosage was positive, and gave the
same type of hemorrhagic response that was observed earlier.
Remission of the disease: On December 30, 1940, because the varicosities
had become more prominent, a ligation of the right saphenous vein was
performed, and a sclerosing solution of sodium chloride and glucose was
injected retrogradely in the saphenous vein. Low grade suppuration devel-
oped in the surface layers of the femoral wound, and at the same tin1e there
was apparently an increase in the inflammatory activity of the disease in the
right foot. The loss of the remaining toes was deliberately hastened by apply-
ing tight constricting ligatures about their bases, and when dry the toes were
amputated. A few pinch grafts of skin were applied after the stumps had
granulated. As soon as the toes had been removed the wounds all rapidly
healed. He was discharged on April 29, 1941, and re-admitted briefly
in June for the removal of a small sequestrum.
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Change in type of skin reaction after remission of disease: On June 6, 1941,
the patient permitted us to repeat the intradermal tests with the same prepara-
tion of the antigen of his own T. purpureum. On the right forearm the
reaction measured 0.9 cm. x 0.8 cm. at 48 hours, and was fading at the
sixth day. The test this time no longer showed petechiae, but resembled
the tuberculin-like reaction observed in other patients. The reaction to the
same dose of antigen in the leg at 48 hours measured 1.2 cm.2, and this, too,
was fading at the sixth day. Though redder in color than that of the fore-
arm, this was also a tuberculin-like reaction rather than one with petechiae.
Generalized rash after first attempts to walk: Early in July he was allowed
to walk for the first time in more than 6 months, and after 48 hours he
noticed a generalized skin reaction with the following components: on the
hands, many papules of which a few were probably tiny vesicles; on the fore-
arms, forehead, shoulders, abdomen, thighs, small papules; on the feet, many
papules and tiny vesicles which tended to become confluent; on the legs, tiny
red spots. There was marked pruritus of the papules on the trunk. All
of the lesions slowly receded and most of them scaled as they disappeared.
The whole process lasted approximately two weeks. At this time there
was no change in the circulation of the extremities, and the recent wounds
appeared soundly healed.
Mycosis progresses despite treatment: The opposite foot had two nails that
were the seat of mycosis, and much attention was given them. This disease
of the nail-bed was never eradicated because to do this the nails really should
have been removed and the patient would not give his consent to this. Fur-
ther, he did not cease smoking.
Disease appears in other leg: In the summer of 1942 he began to have inter-
mittent claudication of the left leg, and a patch of thrombophlebitis developed
in a superficial vein of the calf. At this time we noted that there were cracks
between several toes and the onychomycosis was more extensive. In Octobe'r,
1942, the tissue about the cuticle of the three mycotic nails of toes 1, 2, and
4 began to break down and petechiae appeared over the sole of the foot.
Pain became so severe that he was admitted on November 28, 1942, for
crushing of superficial and deep peroneal, posterior tibial, and sural nerves.
The second and fourth toes, now with open lesions, could no longer safely
be amputated with closed methods, but were rapidly removed by the method
of constricting ligatures. The nail of the great toe was removed.
Sulfathiazole sensitivity, local and general: During the operation for the
crushing of the. superficial peroneal nerve, because of a technical error
in which the wound may have become contaminated, sulfathiazole powder
was dusted in the wound as it was closed. Subsequently the same drug was
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sprinkled on the granulating areas of the toes. About ten days later the
patient developed a generalized rash which was diagnosed as sulfathiazole
dermatitis, and the local applications of the drug were discontinued. The
skin became necrotic about the operative wound in which the drug had been
placed, but there was no actual suppuration, and the area very slowly
healed by second intention. Weeks later we reapplied sulfathiazole to some
pustules that had developed in the skin on the dorsum of the foot, and the
operative wound in which sulfathiazole had been implanted developed irregu-
lar reddened and tender areas. This reaction subsided after one week. The
whole process of this flare was deliberately repeated several different times.
The patient was discharged February 19, 1943, with his lesions almost
completely healed, and the petechiae of the feet had disappeared. The great
toe-nail began to grow back normally, but this toe later broke down and was
amputated by the ligature method. At the present writing (March, 1944)
the patient is at work with all lesions apparently soundly healed and with no
visible mycosis. He continues to smoke.
This case illustrated several important points. The first was
the positive culture of the Trichophyton purpureum; the second
was the extraordinary petechial quality of the dermal reaction to
the skin test which changed to a tuberculin-like reaction after a
remission of the vascular disease. This was at a time when the
patient was having a wave of the generalized trichophytide which
was a typical papular "id" rather than petechiae. The third was
the development of the sulfathiazole sensitivity, which was asso-
ciated with flares of a fixed tissue lesion as well as with a generalized
rash. Finally, it is possible that the extraordinary pain and pro-
gression of the disease during his first session was actually a form
of flare to the intradermal tests which had been repeated at intervals
throughout that period.
Another example of the flare induced by the antigen of T. pur-
pureum is illustrated in the following case report, which also shows
the relationship of the phlebitic type of ulcer to thrombo-angiitis
obliterans.
Case XII. Flare of migrating phlebitis, phlebitic induration, and granulomas
of feet following injections of antigen
Mr. F.B., N.H.H. No. 139809, a 46-year-old white hospital janitor, was
first seen in November, 1940, complaining of an ulcer of the left leg. He
said the first signs of the disorder, which appeared eight years earlier, had
been tenderness of the veins of the surface of the left leg with some swelling
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of the feet and pain in the region of the arches. The finger-nails were
"brittle." The first "serious" symptoms appeared in 1937, when he noticed
aching pains in the calves of both legs on walking a short distance. At first
this pain was relieved by a few moments of rest, but later the pain was
continuous.
Buerger's disease was diagnosed at the Hartford Hospital, where he had
innumerable forms of treatment without relief. After one and a half years
of hospitalization he submitted, in the spring of 1939, to bilateral lumbar sym-
pathectomy, and a few months later bilateral saphenous ligations were done.
These operations caused considerable improvement, but he was unable to do
any regular work during the next 6 to 10 months.
Abscess (hemolytic streptococcus) beneath ulcer area: In November, 1940,
at the first admission to this hospital he had cellulitis spreading from a chronic
ulcer of the left leg. There were palpable, tender nodes in the groin. Pul-
sations were absent in popliteal, dorsalis pedis, and posterior tibial arteries.
Large segments of superficial veins of the lesser and greater saphenous systems
on both sides were thrombosed and palpable, but only the popliteal area on
the left was tender. He had fever and a leukocytosis. A hemolytic Strep-
tococcus was cultivated from the wound.
An abscess developed beneath the deep fascia near the ulcer area, and
following its drainage the acute process rapidly improved and the ulcer became
smaller. The patient was discharged December 12, 1940.
During this admission two sets of intradermal tests were performed; the
first one was on November 11, 1940, with 0.05 cc. of 1:100 dilution of
antigen of T. gypse.m (our Nichols). The reaction was negative at 48
hours, but at 6 days it measured 0.6 cm.2 The same antigen was repeated
on November 17, with 0.1 cc. of the same dilution, and the reaction at 48
hours measured 1.4 cm.2 and at 6 days 1.5 x 1.2 cm.
He was next seen early in September, 1941, when the ulcer was still
present. The legs were slightly swollen, and he had two patches of migrat-
ing type of phlebitis on the left arm and one on the left thigh. Although
the right dorsalis pedis and both posterior tibial pulses were absent, the
oscillometric readings at various levels including the ankle were normal.
There was much onychomycosis. Cultures revealed a Trichophyton, the
variety of which was not determined.
Further dermal tests associated with mild flare of lesions: On September
25, 1941, two skin tests were given with the antigen of T. gypseum
(Nichols). The doses were 0.1 cc. of 1:100 dilution and 0.02 cc. of 1:10
dilution. The smaller dose caused no visible reaction. The reaction to the
larger one at 48 hours measured 1.7 x 2.5 cm. and was quite red. At
6 days the reaction was fading, but it was still visibly scaling on October 7,
1941. The notes state: September 27, "the thrombophlebitis in the arm is
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more tender than formerly." On September 28, "leg pained and ulcer is
spreading. Foot is red and sore over instep. Patient had so much pain
he visited accident room last night." On September 30, "still considerable
pain in the ulcer area, more than prior to the skin tests."
Tests reteated: On October 2, 1941, a large series of tests was given in
forearms and legs, the dose of 0.1 cc. of each antigen (1:100 dilution) being
repeated three times. The following were injected: T. purpureum
(Uhlrig), E. floccosum, Penicillium (Nichols), C. albicans (Soule), and
Aspergillus (Nichols). There was no reaction to Aspergillus or Penicil-
lium. C. albicans at all three sites caused moderate immediate reactions,
but no delayed reaction. In the forearm E. floccosum caused hardly
any visible reaction, but on the right leg there was a reaction measur-
ing 0.5 x 0.4 cm., and on the left an equivocal one measuring 0.4 cm.2
T. purpureum at 48 hours caused a reaction on the forearm measuring
1.0 cm.2; on the right leg, a central intense area 1.0 cm.2, with a zone of
surrounding erythema 3.5 x 3.0 cm.; on the left leg an intensely dark
reaction 1.4 cm.2 All of these reactions had faded at 6 days. The reac-
tion to T. purpureum in the arm was a light pink raised area, while in the
leg the two reactions were an intense, dusky red.
Severe flare of many lesions: At the time these tests were given on October
2 careful notes were made as to the status of all of the patient's lesions, and
he was examined daily thereafter. On October 3 the patient had so much
pain in his leg that he came to the emergency room for treatment. The
lymph nodes in the left groin were definitely larger. On October 4, he
continued to complain of pain in the ulcer area and in the lymph nodes of the
groin, and a patch of thrombophlebitis of the left arm became more painful
and looked definitely more inflamed. On October 6, after two days of rest in
bed, he reported less pain in the ulcer area, but the spot of thrombophlebitis
in the arm appeared still more intensely inflamed and was more tender.
A spot of thrombophlebitis previously present also was obviously more inflamed,
and a new spot appeared at the site of an old process that the patient said
had been quiet for more than 6 months. On October 7 he reported a
very bad previous 24 hours with intense pain in the ulcer area. The pain
was not controlled by codein, but at midnight some relief was obtained in
the emergency room by novocainization of the common peroneal and sural
nerves. On October 9 his lesions were quite tender, but appeared to be
subsiding somewhat. On October 11 another observer reported, "patient
complains of pain in left groin and general malaise. Examination reveals no
significant changes in the nodes although they appear to be more tender."
On October 17 the ulcers were reported as "looking better." During the
next week he made three visits late at night to the emergency room for relief
of pain in the ulcer area. On November 17, 1941, the ulcers were again
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showing signs of healing slowly, but they remained open until the last
recorded note (March 13, 1942) which stated that he was having more
pain and a slight increase in the swelling of the foot and ankle.
This case illustrated the following points: (I) the patient
appeared to have both Buerger's disease and a phlebitic type of ulcer.
(2) He had two episodes of flare of these inflammatory disorders;
that is, of the induration about the ulcer, of the migrating phlebitis,
and the granulomatous areas of the feet. Both apparently were
induced by injection of the fungous antigen. The first flare was
less clear-cut, but the second was without question. (3) Only a
portion, 'the focus, of a phlebitic vein flared. (4) The skin test
in the leg was more marked and hemorrhagic than that in the arm.
Another example of a flare of the migrating phlebitis and the
granulomatous reaction of the foot is illustrated by the following
case in which a biopsy of the phlebitic patch revealed the giant-cell
focus, which is said by Buerger to be pathognomonic of thrombo-
angiitis obliterans. This case resembled the former in that only a
segment of the thrombosed vein flared rather than the entire length
of thrombosed vessel.
Case XIII. Flare of migrating phlebitis and granulomas of foot following
injection of antigen; biopsy of giant-cell focus
Mr. D.S., N.H.H. No. A85842, a 40-year-old teacher, was first seen
in June, 1941, when he complained of painful feet. For years he had had
athlete's foot and patches of dermatitis in the groins. For several weeks
he had noticed tenderness and burning in the toes of his left foot, and for
approximately 10 days there had been tender patches in the veins on the calf
of the left leg. The positive findings were: (1) edema and patchy redness
of the left second, third, and fourth toes from which the inflammatory
process extended to the dorsum of the foot (Fig. 22); (2) considerable dry
scaling between the toes; (3) large patches of "ringworm" in either groin;
(4) tiny vesicles in the skin of the palms; (5) absent left dorsalis pedis pulse;
(6) two obvious patches of thrombophlebitis on the outer aspect of the left calf
(Fig. 23).
The record showed that the patient had been admitted to the hospital in
December, 1938, for study of a tender spot in the left hand. The area was
explored surgicalry. Inflammatory tissue was removed and was diagnosed
"thrombo-angiitis with fibrosis and chronic inflammatory reaction." There
was no recurrence of this disorder in the hand. The patient also had a
moderate splenomegaly.
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Cultures were made of the scales of the skin between the toes, and T. pur-
pureum was obtained.
The patient's feet were briefly soaked in mild chlorinated soda, and a pedi-
cure was given. He was instructed to keep the feet quite dry, and to apply
a powder containing salicylic and benzoic acids to all areas of dermatitis.
After two weeks of physical inactivity the inflammatory process in all the
areas had markedly diminished and there were no fresh blisters in the palms.
The phlebitic patches had almost disappeared although the thrombosed ves-
sels were still palpable.
On June 23, 1941, the patient was given dermal tests as follows: in
the right forearm, control broth, T. gypseum (Nichols), E. floccosum; in
the left forearm T. purpureum (Uhlrig), and C. albicans (Soule); the
dose was 0.1 cc. of the 1:100 dilution. None gave an immediate reaction.
The control broth gave no reaction. T. gypseum in the forearm was barely
visible at 48 hours and at 5 days the moderately pink reaction measured
0.8 cm.2 This same antigen in the leg caused approximately the same type
of reaction which, however, was a bit duskier in color. E. floccosum in the
forearm caused the same reaction as T. gypseum. C. albicans in the fore-
arm was equivocal. T. purpureum at 48 hours caused a reaction measuring
0.7 x 1.0 cm., and at 5 days 0.9 x 1.2 cm. On the leg the reaction
measured 0.8 x 1.0 cm. at 48 hours and at 5 days; on the seventh day
it had increased to 1.2 x 1.3 cm. and was of a dusky hemorrhagic color
(Fig. 25).
Flare of lesions and biopsy: On the seventh day it was obvious that after the
second day the feet had been much more painful and swollen. All the
inflammatory reactions of the so-called vascular disease had definitely
increased. The patches of migrating phlebitis particularly had flared. A
bright red tender patch had appeared along part of the course of each of the
diseased veins, but the whole length of a thrombosed vessel did not flare
(Fig. 24).
On the seventh day the patient permitted a biopsy to be taken from the
flared phlebitis and from his dermal test area of the leg. The phlebitic
vessel showed an extreme degree of chronic inflammatory reaction, with the
giant-cell focus of Buerger in the center (Figs. 5 and 6). The dermal
test showed the histopathology described earlier. It was characterized
chiefly by slight hyperplasia of the cells of the walls of small vessels and a
marked perivascular infiltration with mononuclear and lymphocytic cells.
A week after the biopsies were taken the whole process again subsided,
and the disease remained quiescent for the next two and one-half years.
It seems safe to assu,me that this patient had a flare of the
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injection of the antigen. The disease was definitely quiescent and
on the down grade at the time the injection was given. The par-
ticularly interesting points here were the dusky hemorrhagic quantity
of the dermal test in the leg as compared with the forearm, and,
as in the previous case, the flare in the phlebitic vessel occurred over
only a portion of the thrombosed vein. This particular area, as
revealed by the biopsy, represents the focus, and the remainder of
the thrombosed vessel is inert in terms of allergy. Although the
patient did not have intermittent claudication this would appear to
be an unquestioned case of thrombo-angiitis obliterans. The only
detectalble arterial lesions appeared to be a thrombosed dorsalis pedis
artery and the early lesion of the hand. The granulomatous reac-
tion, which also flared in the three central toes, appears to be charac-
teristic of the early lesions in the feet.
G. Other causes forflare of the vascular disease
The fungous antigen is not the only agent that adversely influ-
ences these diseases. Surgical operations, trauma, secondary local
infections, systemic infections, the smoking of tobacco, and injections
of non-specific foreign protein* occasionally cause ill effects of one
sort or another. It is impossible now to describe with any assurance
a mechanism that accounts for all of these factors. At least three
phenomena have been described that may have bearing on this sub-
ject. One is the group of observations by Burky"6 and others that
certain antigens, of which Staphylococcus toxin is an example, rein-
force a tissue's reactivity to a point where it will respond to amounts
and varieties of substances that otherwise would not precipitate a
reaction. Another is the Dienes2' phenomenon, in which a basic
tuberculosis alters the tissue reactivity in such a way that another
antigen, for example, egg-white, produces the delayed reaction of
infection rather than a transient anaphylactic reaction. The third
is the fact that sensitized tissues may show inexplicable non-specific
cross-reactions with apparently unrelated antigens.
*Thrombosis of a major vessel and an exaggeration of other lesions occurred
in one case of thrombo-angiitis obliterans following therapeutic doses of killed typhoid
bacilli for fever therapy, and in another after a prophylactic dose of tetanus anti-
toxin injected because of a trivial penetrating injury of a finger.
Rich and Gregory85 have emphasized some of the ill effects from the continu-
ation of non-specific foreign protein therapy after the development of hyper-
sensitivity.
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In the clinic as occasions arise we may observe flares of the
present disorder from the injection of tuberculin, Staphylococcus
toxoid, vaccinia virus, killed typhoid bacilli, or horse serum. Case
histories show that flares of vascular disease have occurred in the
wake of the acute phase of certain infectious diseases. Too vigorous
treatment of the fungic disease, particularly when the patient is
physically active, has been associated with a flare of the vascular
disorder. Finally, trauma alone has set off the damaging reaction.
Clinical examples of these situations are probably before us con-
stantly, but the difficulty in recognizing them lies in the fact that
there is a time interval between the flare stimulus and the onset
of the flare symptoms. So many forms of local treatment may be
given to the patient during this interval that the cause and effect
are obscured. Further, there is good reason to believe that infec-
tious agents vary markedly in their ability to stimulate the allergy
of fixed tissues.
We have been alble to recognize at least three varieties of the
flare. One appears to be set off by an attack of "the grippe" or
influenza. The vascular disease begins to light up during the
patient's convalescence, after the acute symptoms of the influenza
have subsided. Our recognition of this sequence began with twoE
observations worth relating here.
1. "The grippe"
Case I (continued). Flare of dermatomycosis following "the grippe"
This is the aforementioned D.N. who had dermatomycosis with extensive
secondary lesions. In December, 1940, he developed "the grippe." Three
weeks later his skin disorder was immeasurably worse. The conjunctivae,
lids, scalp, ears, and other areas not previously involved were swollen and
scaling. He stated that his skin disease always flared after an attack of "the
grippe," and it had happened often enough for him to expect it.
Case XIV. Flare of faded intradermal test following "the grippe"
E.M. was a 46-year-old private patient with thrombo-angiitis obliterans
from whose feet a strain of E. floccosum was cultured. He was given intra-
dermal tests with antigen prepared from this fungus. The delayed reaction
measured 1.3 cm.2 and faded after a week. A month later the patient
had "the grippe" with fever for two days and malaise for a week. Ten
days after onset of "the grippe" he noticed that the dermal reaction had
returned in full bloom, and there was an increase in the symptoms of pain
and burning in the granulomatous areas of his feet. This later subsided.
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After attention had been directed to this sequence of events we
observed distinct flares of the post-phlebitic type of induration and
ofthrombo-angiitis obliterans after "the grippe" or influenza. The
interval from the onset of the systemic infection to the acceleration
of the inflammatory reaction of the extremities to the point of pro-
ducing symptoms has been 10 to 30 days. Two of the patients with
the phlebitic syndrome had very severe flares with a generalized
dermatitis two weeks after the onset of "the grippe." One patient
(Mr. D. LaM.), who suffered from both thrombo-angiitis obliterans
and phlebitic induration, repeatedly developed migrating phlebitis,
a reopening of previously healed ulcers of the toes, and edema of
the legs a week to 10 days after the onset of attacks of "the grippe."
The reactivated vascular disease has been disabling for several
weeks, and at times months have passed before it has subsided
enough to permit the ulcers to heal.
2. The effect of potassium iodide
Oral therapy with potassium iodide was suggested as a form
of treatment for the vascular disease. This old remedy, long used
"to dissolve" granulomata in syphilis, is said to be useful in the
treatment of fungous disease. Five patients were treated with an
adequate dosage of potassium or sodium iodide, and the results
deserve brief description here because of the favorable events in the
first two and disastrous results in the last two.
The first two cases so treated were patients with the phlebitic syndrome
who had been under observation in the hospital for many weeks prior to the
beginning of this medication. Their indurations were diminishing, the ulcer-
ations were healing slowly, and their primary skin lesions were quiescent.
Healing of the lesions of both cases appeared to be accelerated after the iodide
was started, but it was discontinued in one case after three weeks because of
headaches, and in the other case after five weeks, because the lesions healed.
A third patient, Case X, received no benefit from iodide therapy.
Case XV. Femoral thrombophlebitis following cessation of potassium iodide
therapy
G.B., N.H.H. No. A69769, a man of 47, had suffered for 6 weeks
with increasing pain radiating from an "irritable ulcer" of the lower saphenous
system. He had edema of the legs, badly neglected skin, and onychomycosis.
The pedal pulses were absent in this extremity. The history revealed that
3 years earlier a diagnosis of thrombo-angiitis obliterans had been made and a
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lumbar sympathectomy was performed. A remission of symptoms had
occurred and the patient was reasonably well until the present ulcer developed.
It rapidly became intolerably painful. A pedicure was performed, and 15
grains of potassium iodide three times daily were prescribed. The patient
was observed frequently, and the improvement was remarkable. Within two
days the pain and edema had subsided and he was able to sleep; in two weeks
the remission appeared complete. At this time he complained of indigestion,
and the iodide was discontinued. Three days later swelling of the leg and
thigh occurred, with pain and fever, and it was apparent that he had developed
a deep femoral-iliac thrombophlebitis. This disabled him for six weeks, and
some swelling has persisted.
Case XVI. Enormous extension of phlebitic syndrome during therapy with
potassium iodide; a merging of the disease into thrombo-angiitis obliterans
M.C.E., N.H.H. No. B8183, was a 40-year-old restaurant owner, who
had had a phlebitic type of ulcer of the left leg for 2 years, and a long history
of edema of this leg. The ulceration was very indolent, but healed after
months of care. Six months after he returned to work the induration and
ulceration recurred. He refused to enter the hospital for further treatment
but agreed to try potassium iodide orally. Soon a striking improvement in
all the lesions occurred, so much so that the patient returned to work. Despite
warning of the necessity to report anything unusual he did not reappear
until six weeks had elapsed. Then he was in a deplorable condition, and
reported that improvement had continued for two weeks with iodide therapy,
but in fairly rapid sequence the induration and ulceration recurred, edema
spread from the foot to the thigh; the opposite previously intact foot, leg,
and thigh became alarmingly swollen; great blisters appeared on both feet,
and ulceration of the toes of the left foot occurred. The patient had con-
tinued to take the iodide, having great respect for its strikingly beneficial early
effects. Finally, having lost faith in it, he returned to see what else we
would have to offer. He was hospitalized, and, although the lesions of the
right leg subsided, the left appeared to be hopelessly diseased and was ampu-
tated. The tissues showed the changes characteristic of thrombo-angiitis
obliterans!
In the first two cases treated with iodides there were no apparent
ill effects. In fact, there may have been a definite improvement
as a result of the treatment. In the last two cases an initial striking
improvement was followed in two to four weeks by an extension of
the phlebitic and inflammatory process. This apparently harmful
action of the iodides is perhaps comparable to that in systemic
blastomycosis in regard to which Martin and Smith62 have stated,
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"Potassium iodide is curative in some cases [of blastomycosis], but it is a
dangerous drug to administer to patients who are allergic to the fungus.
In systemic blastomycosis iodide therapy should be started only after the
state of hypersensitiveness has been excluded by skin tests or artificially reduced
by therapeutic injections of vaccine."
X. SUMMARY OF CLINICAL OBSERVATIONS
The clinical and histopathological charaoteristics of certain
inflammatory vascular disorders, known as the post-phlebitic type
of ulcer and thrombo-angiitis obliterans, have been re-examined
with the aim of seeking their "common denominator." These
diseases pass through characteristic clinical courses in which are noted
vascular disorders such as thromboses of arteries and veins and
obstructions and abnormal function of the lymphatic system. These
patients also have dermatomycosis with varied primary and secon-
dary lesions some of which may be extensive. Although these par-
ticular disorders are distinct, they have resemblances to tuberculosis,
syphilis, and certain fungous diseases. No form of treatment has
produced wholly satisfactory results, but what success has been
attained appears to be due to the withdrawal of antigens and to an
improvement in the circulatory efficiency, particularly in the lym-
phatic drainage of the affected parts.
The tissues contain two types of lesion. The first, an inflamma-
tory change in capillaries, is typical of "the delayed reaction of
infection." This change is scattered throughout the affected parts,
and also surrounds the second lesion, which is essentially an endo-
thelial reaction associated with thromboses of the large caliber
vessels. It is the first mentioned, the wide-spread lesion of capil-
laries, both blood and lymphatic, that causes the serious consequences
of these diseases.
The experimental observations revealed the following items of
interest:
(1) A dermatophyte was cultured from the skin in 20 per cent
of the cases with the syndrome. From 16 of the patients we
obtained T. purpureum, which is recognized as a seriously patho-
genic dermatophyte in man.
(2) Ninety-eight per cent of the patients gave positive skin
tests with an antigen of at least one pathogenic dermatophyte.
(3) The skin-reacting antigen of T. purpureum is a nitrogen-
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containing substance that is diffusible through a collodion membrane,
and it is remarkably stable to simple chemical treatment and to heat.
(4) In some of the patients with vascular disease the dermal
reaction to the fungous antigen was unusual and appeared as
petechiae which later became confluent.
(5) In edematous parts the dermal reaction to the antigen per-
sisted longer than normally. Even when edema was not present
the reactions in the leg appeared more intense than did those in the
arm. There was some evidence which suggested that edema caused
a prolonged action of the antigen, thereby intensifying its effect.
(6) Flares of certain of the lesions of this syndrome were pro-
duced by injections of antigens of the fungi. The lesions which
were seen to flare were "hypostatic eczema," migrating phlebitis,
phlebitic induration, and granulomatous patches of the feet. The
amount of edema appeared to be increased after these injections of
antigen, indicating an aggravation of the process, whatever it is, in
lymph nodes and lymph vessels that obstructs the drainage system.
(7) Flares of these same lesions were observed to follow attacks
of "the grippe."
(8) Potassium iodide therapy per os apparently caused improve-
ment in the lesions of four cases, but in two of these cases after an
initial two weeks of inmprovement there was a serious extension of
the disease.
XI. DISCUSSION
A. The significance of "the delayed reaction of infection"
This inflammatory reaction is more than just part of a process
that pathologists recognize as "chronic inflammation"--it is a special
type of tissue response sometimes called "bacterial allergy," or "the
delayed reaction of infection." Under certain conditions the injec-
tion of an appropriate antigen may cause a reaction in some or all
of the distant foci of this type of allergic inflammation in the animal.
Rich83 has described the general importance of this reaction in the
following words,
"The characteristic form of hypersensitivity that develops as a result of
infection greatly increases the susceptibility of the body to injury by the pro-
teins of the infecting micro6rganisms. As a result of this increased suscepti-
bility of the tissues to damage, inflammation is more intense at sites where
the micro6rganisms or their proteins lodge, and severe and even fatal systemic
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reactions may occur when the microorganisms, or even their bland proteins,
enter the blood stream of the sensitized body. Because of these effects,
the hypersensitive state is a factor that has seriously to be reckoned with in
the interpretation of the lesions and symptoms of infectious diseases."
In the present disease syndrome where bizarre patterns of
ischemia, congestion, edema, and associated secondary vasomotor
disturbances of the extremities lead to open lesions that are invari-
ably contaminated with bacteria, it is not surprising that the special
importance of this widespread inflammatory reaction of capillaries
should have been discounted and underestimated. Although the
unique lesion invesselscontaining giant-cells was stressed byBuerger
as the characteristic one in throinbo-angiitis dbliterans, all the evi-
dence points to the fact that the aforementioned reaction in capil-
laries is the widespread damaging lesion.
Experimental data and clinical experience clearly show that the
final outcome of an obstruction of a major artery of an extremity
is largely dependent upon the state of the small vessels in the peri-
phery.49' Prolonged vasomotor spasm, degenerative arteriolar
changes, or widespread inflammatory changes are barriers to the
development of collateral circulation. In thromrbo-angiitis oblit-
erans the property of the hypersensitive vessels of reacting to the
"trigger" substance gives the various lesions an interdependence that
is characteristic and particularly vicious in terms of the outcome.
Not only the peripheral vessels but also many of the vasa vasorum
and vessels of nerves are involved, and this accounts for the pro-
nounced tendency of these cases to have prolonged vasomotor spasm
and extreme pain.
Although this inflammatory reaction has such an adverse effect
when the process is active, nevertheless it has two other character-
istics that are favorable. First, these pathological changes are
reversible50 and heal, providing the "trigger" antigens can be elimi-
nated and the parts are not already hopelessly scarred. Secondly,
serious spreading infections due to invasive bacteria are not common
in these hypersensitive tissues. For example, the ischemic extremity
with Buerger's disease is less likely to be hopelessly invaded by
infection than one with an embolus or a thrombosis secondary to
arteriosclerosis. Likewise, a large phlebitic ulcer may be neglected
for years without any notable spreading infection, but it would be
remarkable if a thermal burn of equal size would survive many
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days without becoming the focus of a serious acute, possibly fatal,
infection. Streptococcal infections are said to be common in tropical
elephantiasis, but in proportion to the large number of people
afflicted, fatal septicemia has been uncommon.
B. The nature of the resistance to invasive bacteria
The property of local resistance to invasive infection in these
diseases recalls a paragraph in the text-book of Zinsser and Bayne-
Jones,112 as follows:
"There is a considerable amount of discussion as to whether allergy has
any relationship to immunity in bacterial diseases. From experiments with
Ward and Jennings, we are inclined to believe that bacterial allergy represents
a hair-trigger response of the tissues to the substances liberated from bacterial
lesions, and though in its immediate manifestations it may do actual injury
and give rise to clinical disease, its eventual significance is in the direction of
protection. Suggestive of investigation, and not at all impossible, is the
thought that a number of the peculiar and still unsolved problems in con-
nection with streptococcus and a few other types of immunity result from a
deep cellular immunity dependent upon allergic sensitization to the bacterial
protein antigens as contrasted with the humoral immunity dependent upon
the circulating antibodies."
This tendency for resistance to bacterial invasion in one sense is
beneficial, localizing or fending off infections which otherwise would
lead to the loss of an extremity. In another sense it is the mechan-
ism of the disease process itself.*9` With various infections there
is great variety in the shades of harm and benefit of these immune
processes. On this, Rich83 has written:
"Hypersensitivity may be regarded at present as a condition which in
some instances is decidedly deleterious, in some instances exists without exert-
ing any appreciable deleterious or beneficial effect, and in some instances may
* Rich and Gregory85 demonstrated that periarteritis nodosa (a so-called vascular
disease that has a resemblance to thrombo-angiitis obliterans) is a manifestation of
hypersensitivity.
For the present I am inclined to interpret the experimental lesions in vessels,
produced by Buerger14 and by Horton and Dorsey44 by the implantation of phlebitic
veins from patients with thrombo-angiitis obliterans, to be due to a hypersensitive
reaction of the tissues of the recipient in response to the implanted tissue rather
than to an infectious agent in the implanted tissue.
720DERMATOMYCOSIS, ULCERATION, AND GANGRENE
possibly serve as a useful auxiliary to the other forces of immunity. That
hypersensitivity can exert deleterious effects has long been clear to everyone.
That it is not essential for the successful operation of acquired immunity
under a wide variety of tested conditions has now been demonstrated unequivo-
cally. That under some, as yet undetermined, conditions acquired immunity
may require the participation of hypersensitivity for its most effective opera-
tion is possible, but this possibility has not yet been established in the case of
any infection.
"While inflammation is an exceedingly important protective mechanism,
it does not follow that in the body with acquired immunity an exaggeration
of the inflammatory process by means of hypersensitivity is either necessary
for protection or desirable; and this particularly since the hypersensitive ten-
dency to accentuated inflammation is inseparably bound up with an increased
susceptibility of the body to injury by the bacterial products. It must also
be remembered that it has been clearly shown that in the hypersensitive body
not only the fixed tissue cells, but also the protective phagocytes are far more
susceptible to the damaging effects of the bacterial products than are the
phagocytes of the non-hypersensitive body."
The dermatophytes, and probably all fungi, achieve their
pathogenicity by their stimulation of the hypersensitive state, a form
of bacterial allergy.35 4 Little is known about the antigens at play.
Our own experience with the skin-reacting factor, which in T. pur-
pureum is probably a non-protein nitrogen-containing substance
attached to a polysaccharide, indicates that it stimulates hypersensi-
tivity. It may be, however, that other antigens of the fungus, or
the by-products of its metabolism in tissue, do lead to the formation
of a true immunity. There are reports77 of desensitization with
fungous products. However, it is clear that in fungous disease the
predominating product of the organisms is one Which causes the
tissues to become hypersensitive. Curiously enough, injections of
the products of the fungi are harmful only if the fungus has once
infected the animal. It would seem that the initial antigen in the
infected tissues is a product of the fungus plus some agent of the
tissues. Rich83 has stated:
in bacterial hypersensitivity there is no acceptable evidence that
the sensitizing antigen has been isolated from any bacterium, and sensitizing
antibody has never been satisfactorily demonstrated in the tissues or blood
of the sensitized body. Nevertheless, there are rather persuasive reasons for
believing that bacterial hypersensitivity is dependent upon antibody."
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Inlmunological studies in post-phlebitic states are practically
non-existent, and in thrombo-angiitis obliterans are few. The pre-
cipitin tests with rickettsiae by Goodman were cited earlier, but
certain studies on tobacco antibodies in thrombo-angiitis obliterans
should be mentioned here, as follows: Reagins to tobacco have been
sought in the serum of patients with thrombo-angiitis obliterans by
Harkavy et al.,33 34 using passive transfer tests, with success in 13
out of 20 cases of thrombo-angiitis obliterans, and by Sulzberger
and Feit97 who were successful in only one of 22 cases. The latter
state,
". . . our above reported results must classify thrombo-angiitis obliterans
as a condition usually associated with a specific and marked hypersensitivity
of the vascular apparatus of the skin to tobacco, but without any at present
demonstrable connection with asthma, hay fever, and disseminated neuro-
dermite, etc., and in our cases without regularly disseminated reagins."
Sulzberger and Feit also described how hypersensitivity of the
skin (and we may suggest the related lymphatic system and'blood
capillaries) may occur with and without reagins in the blood serum.
The so-called "atopic group" of hypersensitivities, usually of
familial occurrence, comprises those in which positive wheal reac-
tions associated with passive transference antibodies (reagins) are
found with the greatest regularity. In some "non-atopic" urticarial
hypersensitivities passive transference antibodies are regularly
encountered, as, for example, in the acquired hypersensitivities to
intestinal parasites and to antitoxic horse serum. On the other
hand, there is another group of hypersensitivities of "non-atopic"
type in which positive wheal reactions but no circulating antibodies
can be demonstrated. This holds true in many asthmatic and tirti-
carial conditions due to drugs and in certain phases of acquired
hlypersensitivity to serum or to Pediculoides ventriculosus.
The foregoing facts about reagins in hypersensitive states lead
one to conclude that with certain antigens there are tissue reactions
that are quite different from the cellular response which produces
immune bodies, sudh as was observed by Sabin87 with azotized
albumin. This demonstration correlated the following events: the
ingestion of colored antigen by cells of the reticulo-endothelial sys-
tem and certain endothelial cells and fibroblasts, the gradual dis-
appearance of the granules of the antigen as it became homogeneous
with the cytoplasm of the cell, the discharge of portions of the
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cytoplasm of the cell into the blood plasma, and finally the rise
in antibody titer at the time the antigen had been fully assimilated
in the cytoplasm of the cells. There were other correlations of
the amount and frequency of injection -of antigen with the precipitin
titer and the changes visible in the cells. There was also an indi-
cation that the absorption of the antigen was delayed in sensitized
animals.
C. The several forms of hypersensitivty
The several varieties of hypersensitivity can be segregated fairly
clearly by experimental methods. There are in one group the
wheal reactions (the anaphylactic or urticarial wheal and dermo-
graphia) which resemble each other in that a trigger stimulus (an
antigen in the former and trauma in the latter) leads to the release
of a histamine-like substance. This is followed by a pronounced
local reaction to the h-substance, and there may be a general reaction
if the release of h-substance is great enough. The h-reaction seems
to purge the tissue ofthe original damaging agent, for the tissue soon
returns to normal usually with no late effects, although the hyper-
sensitivity remains. Both these types of reaction are common
in man.
The delayed reaction of infection and the Arthus and the
Shwartzman phenomena are late or delayed reactions to antigens.
These late reactions are brought about in one form or another by
certain special conditions. The tissue which reacts is probably the
capillary wall,84 but secondary changes such as necrosis of fibroblasts,
cellular infiltrations, hemorrhage, and thrombosis ohscure the basic
tissue reaction. Patients vary greatly in their response to foreign
proteins; some become extremely hypersensitive and others do not.65
The Arthus phenomenon is brought out readily in rabbits and in
man, but with little success in other animals. It is a local hyperergic
response of capillary walls84 following sensitization to a variety of
antigens, occurring at a site of an injection of antigen after repeated
injections at intervals of perhaps 6 days.68 72
The Shwartzman reaction, also readily demonstrated in rabbits,
leads to a hemorrhagic vascular lesion that is brought out best with
certain bacterial filtrates and also with sera. The timing of the
injections is important to achieve the effect. The typical reaction
has two forms, local or general, depending on the method of injec-
tion. A subcutaneous injection of antigen followed 24 hours later
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by an intravenous injection shortly results in an intense hemorrhagic
reaction leading to necrosis at the site of the local injection. An
intravenous injection followed in 24 hours by another intravenous
injection leads to intense visceral hemorrhages that may be fatal.2 6
The local form of this reaction is occasionally observed in patients,
but clear examples are not often interpreted as such even when they
are seen by physicians.
The delayed reaction of infection, which is a characteristic
response of tissues following infections, both bacterial and fungous,
has a particular interest because, as was indicated earlier, the reac-
tivity of tissues may be altered by certain infections so that antigens
which normally would produce the anaphylactic reaction may pos-
sibly produce instead the delayed reaction of infection. Trauma
may also incite the delayed reaction of infection, if we are to accept
the observation often made in the clinic in cases with athlete's foot,
Buerger's disease, and post-phlebitic states. In this connection it
is noteworthy that Auer7 has observed that certain irritants cause an
exaggerated reaction when applied to the skin of the ear of hyper-
sensitive rabbits at the time a parenteral injection of antigen is also
given. These experiments suggest that the local inflammation
permits a localization of the circulating antigen, greatly enhancing
the local dosage of antigen. This effect does not occur with all local
irritants. The necessary requirements appear to be an increased
local permeability of capillaries without extensive thrombosis or
spasm of vessels.
D. Secondary complicating factors
Although such things as venous congestion, ischemia, and vas-
omotor disturbances have been listed as secondary complicating
factors, the writer does not intend to minimize their importance in
the individual case. Sometimes much comfort and relief of the
patient may be afforded by well-planned remedies aimed at these
secondary factors. For example, in some cases of phlebitic ulcer
ligations of veins with incompetent valves may be necessary.
Tourniquet tests should be used to locate the most suitable places
for ligation of the veins. Lumbar sympathectomy usually relieves
the vasomotor spasm that follows a high thrombosis; more indi-
rectly, by drying the skin it may discourage the growth of derma-
tophytes. The crushing of the sensory nerves from an irritable
area also stops vasomotor spasm, and at the same time relieves pain.
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Therefore, this has been adopted in this clinic as the first step in
the conservative management of a painful extremity with vasospasm.
The sluggishly moving fluids may be hastened along the lymph or
tissue pathways by Buerger's exercises and suitable massage, and the
production of lymph may be accelerated by the ingestion of 0.9 per
cent NaCl solution until mild diuresis occurs.
Bacterial infection, entering through a break in the skin, is a
complicating factor that may greatly alter the local disease process
and require special methods of treatment. This infection, among
other expected effects, may overtax the blood supply of the part, or
exaggerate the hypersensitive state, or cause a disseminated derma-
titis, a coccal dermatid, of the type called infectious eczematous
dermatitis.
E. Lymphedema
An abnormal accumulation of tissue fluid occurs in the lower
extremities in nearly every case of this syndrome. A definite pat-
tern in the onset and extent of the edema that fits all the cases is
not apparent, and therefore it is likely that several factors are at
play. This disturbance is of prime importance in our understanding
of the nature of the disorder and in the outcome of a given case,
and therefore as an entity it deserves special discussion.
In general, the causes for abnormal accumulation of extra-
cellular fluid that operate in these cases may be: an increase in
capillary pressure from venous obstruction or congestion; injury of
the capillary endothelium permitting abnormal passage of plasma
protein, blood cells, and other substances; an dbstruction and mal-
function of the lymphatic drainage system; and finally, the failure
of the pulsatile quality of the arterial blood flow.
Probably all four of these factors, in varying proportions, enter
into a given case, but the basic cause for the persisting lymphedema
is in our opinion a malfunction of the lymphatic drainage system.
This appears to be due to damage to the walls of lymphatic vessels
which become sieve-like tubes that do not hold fluid. Their valves
also become defective because of the inflammatory process. The
filtering mechanism in the nodes is plugged with abnormal collec-
tions of inflammatory cells and debris, thereby retarding the flow
of lymph. All three of these factors operate in some degree in
a given case.
Venous congestion has been held to be the major cause of these
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lymphedemas. Although it is clear that venous congestion increases
the production of lymph, the normal lymphatic system can accom-
modate for considerable increases particularly when there is motion
of the part. Further, the experimental evidence clearly shows that
the ligation of a major vein does not cause lasting edema; the edema
that does form subsides as the venous collaterals develop. Inci-
dentally, the same occurs following the experimental surgical. divi-
sion of the lymphatic vessels at the root of a limb. The requisite
element of long-lasting edema is a persisting obstruction of the
lymphatics-one which involves new collateral vessels as they form.
This was achieved by the injection of silicates by Drinker, Homans,
and associates,22' 41 who were the first to produce long-lasting
lymphedema in dogs. The silicon injection, through the prolonged
inflammatory reaction which it arouses, accomplishes what extensive
surgical ligations have failed to do. The occurrence of lymphedema
with thrombophlebitis is best explained on -the basis of an involve-
ment of veins and lymphatics in the same inflammatory process, and
this sets off the vasospasm of the peripheral vessels.
The lymphatic pathways closely follow the major blood vessels.
In a discussion of the anatomy of the lymphatic system, Allen3 has
stated:
"There are a superficial and a deep system of lymph vessels in the leg,
but there is no communication between them except through the popliteal and
inguinal lymph nodes . . . All the lymph vessels of the leg, both superficial
and deep, join at the groin and pass along the external and common iliac
vessels through the iliac nodes. The lymphatic trunks at the root of the
leg hug the veins closely, and may even be embedded in the adventitia of their
walls. They are enclosed in a tough fibrous sheath along with the great
blood vessels."
RouviZze86 states that the superficial lymphatic system has two
divisions: one draining into the superficial inguinal nodes, and the
other into the popliteal nodes. The latter division collects the
lymph from the posterior aspects of the heel and the leg, and the
superficial lymphatics, which unite into 2 or 3 large trunks, pass
into the popliteal space with the lesser saphenous vein.
Normally the lymphatic filter and drainage system is able to
accommodate for relatively enormous increases in the capillary filtra-
tion rate without edema fluid piling up. There are striking
patients with enormously distended varices of many
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years' duration without any edema, and there are
others in whom edema is outstanding and the varices
are minimal. In these latter cases, as the years pass and the
lymphedema fades, the varices become more prominent. All this
means that there are degrees of lymphatic obstruction that become
evident only when the capillary filtration rate is increased. As the
lymphatic obstruction is relieved, edema disappears, although the
venous congestion and rapid filtration still persist.
Drinker and Yoffey22 have emphasized the importance of extrav-
asations of red cells and plasma proteins in prolonging and aggra-
vating edema. These proteins bind water to themselves, and even
under normal conditions they are removed from tissues with diffi-
culty. The malfunctioning lymphatic system of this syndrome has
even greater difficulty in dealing with these substances.
The return of the tissue fluid to the trunk from the lower
extremities via the lymphatic vessels is achieved by the milking
action of the moving parts in relation to.the valves of the lymphatic
vessels. Probably the chief source of this action is the rhythmic
change in tonus of voluntary muscles in their compartments.
Another type of motion and an important source of energy is
reported by McMaster59 to be the pulsatile quality of the arterial
blood flow. The sympathetic nervous system may enter here in
some as yet unexplained way to change the character of the pulse
wave. Ochsner and DeBakey70 71 have suggested that the sympa-
thetic nervous system causes constriction of the arteriole and venule
in such a way that capillary filtration is increased. Procaine block
of the appropriate nerve trunk n certain cases, reported by Leriche
and Kunlin48 and others,70 reduces the edema apparently by abolish-
ing this vasospasm so that the normal filtration rate is restored.
Although persistent lymphedema may start with or may be
augmented by venous obstruction, local inflammation, hemorrhage,
or autonomic nerve disturbances, yet it is maintained by some process
of lymphatic inflammation and obstruction that recurs and involves
new lymphatics as they form. Therefore, when the lymphedema
persists, the disease process obviously is still active. Aside from
certain inexplicable congenital and surgical cases, the recognized
causes for lasting lymphatic obstructions are infiltrative malignant
tumors and certain bacterial and fungous infections and parasitic
infestations.
The roles of the filariae and infections with fungi and strepto-
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cocci in elephantiasis are of great interest. The commonest and
most widely distributed of the six forms of filariasis of man is that
caused by Wuchereria bancrofti. Shattuck89 states,
". . . non-filarial elephantiasis cannot be distinguished clinically from
filarial elephantiasis. Moreover, the pathological changes are essentially the
same . . . In as much as sporadic elephantiasis [without filariasis] and
endemic elephantiasis present no known difference of essential pathology,
it appears that the filaria do not play a necessary role in the causation of
elephantiasis."
The filaria are not harmless, however, because the worms pro-
duce well-marked local reactions. O'Connor and Hulse69 have
observed that tissue reactions to living adult Wuchereria are absent
or slight as compared with the pronounced inflammatory reaction
and fibrosis which may appear in the environment of dead or dying
worms. They state,
"Advanced pathological changes can occur in filarial infection through
the agency of the filariae per se without being in any way influenced by bac-
terial infection . . . While probably all phases in the life cycle of the parent
filariae and their embryos play a part in 'filarial' pathology it would seem
that very active and extensive changes as seen in this case, are in some way
or other associated with aseptic degeneration and absorption of dead adult
filariae."
Wuchereria bancrofti ultimately resides in the lymphatic system,
usually in the nodes; hence its special association with severe lym-
phatic inflammation and obstruction. The observations of O'Connor
and Hulse are impressive, and they are in agreement with Clothier"7
who emphasizes the part played by the fixed tissue sensitivity to
the antigens of Loaloa (a filaria which does not prefer the lymphatic
system). The living Loa loa migrates at will through the soft
tissues, but the injured or dead worm incites an intensive tissue
reaction called "calabar swelling." This tendency for the severe
reaction to occur on disintegration of the worm recalls the similar
tendency for a severe reaction to be incited by the fungus as it
disappears from secondary lesions.
The literature on tropical elephantiasis still accents the early
view of Matas6" that the one etiological factor which is indispensable
and essential to the pathology of elephantiasis is infection by patho-
genic bacteria. The observatioins of Homans et al.4" on the occur-
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rence ofstreptococcal infections in the edematous legs of their silicon-
injected dogs have given a certain amount of support for those who
emphasize the importance of these bacteria. While describing
inflammatory episodes that are common in filarial elephantiasis
Shattuck89 has stated,
"Streptococci have been repeatedly cultured from the inflamed tissues
in the early stages of these acute attacks . .. The role of pyogenic infection
in the production of elephantiasis has been studied for many years. There
has long been general agreement that such infection commonly plays an
important part in the production of fibrous and of lymphatic obstruction.
There are cases, however, in which clear evidences of infection have not been
observed and bacteriological examinations have been negative. In other cases
in which acute inflammation has occurred, the phenomena have been attributed
to allergy rising from a remote focus of infection. It has even been suggested
that such a focus need not be one of pyogenic infection but that Trichophyton
might be the causative organism."
Shattuck's conservative statement intimating that an agent other
than the Streptococcus sometimes may augment the effect of the
filarial disease serves to introduce the work of Su'arez,96 who has
reported detailed observations on recurrent tropical lymphangitis.
The significance of Su'arez' work lies in the careful clinical observa-
tions through which he has conceived of an allergy of the tissues as
the basic pathological reaction. He found that 24 of 139 cases had
lymphedema prior to the first attack of lymphangitis. The acute
attacks greatly augmented the disease, but the "most marked cases
of elephantiasis usually occurred in patients who have had obstruc-
tion of the lymphatics preceding the attacks of lymphangitis." He
found microfilaria in only 2 cases out of 22 admitted during acute
attacks.
Suarez gives considerable attention to the possible combination
of chronic lymphatic obstruction (presumably due to the filaria
worm) with superimposed attacks of acute inflammation due to
streptococci. On the foci of origin of the streptococcal infection
Suarez writes,98
"Of the 91 cases showing infection, 72 per cent were epidermophytosis
interdigitalis, commonly known as 'athlete's foot' or 'acido uirico' . . . The
mycosis may be mild to the extent that patients may harbor it for years
and not be aware of it. On the other hand it may be severe, producing
extensive irritation and excoriation of the skin between the toes and on the
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dorsum of the feet . . . In the tropics, skin infections are so common par-
ticularly among the poorer classes, that patients are apt to attach no particu-
lar attention to a small lesion of the foot or leg and neglect to take care
of it . . . Cultures taken from the local lesions are usually positive for the
hemolytic streptococcus. Unless properly treated, the fungus infections seem
to persist for years, constituting for these patients as dangerous a focus of
infection as diseased teeth. . . Removal of the infection is usually followed
by cessation of the attacks. As the disease progresses and the attacks occur
more frequently, the slightest injury is sufficient to bring on an attack. As
in erysipelas, there are cases in which no local lesion is noted. These cases
may be classified as idiopathic or allergic . . . It is possible that the allergic
antigen is liberated from the distant or endogenous focus, absorbed by sur-
rounding tissue and eventually transported to the areas of skin made hypersen-
sitive by the allergic antigen during previous attacks of the disease . . . Cul-
tures taken from the subcutaneous tissue during the acute attacks are usually
sterile except in the very severe cases. The violent reaction of the tissues,
such as redness, heat, edema and fibrosis, probably represents an allergic
phenomenon, the body being sensitized to a protein fraction of the strepto-
coccus or its toxin. The sensitizer is supplied in sufficient quantity by the
local lesion."
Chronic recurrent lymphangitis is not uncommon in the United
States, and, like the tropical form, it not infrequently leads to
lymphedema and even elephantiasis. This disorder is sometimes
called recurrent erysipelas-like lymphangitis, and most physicians
have tended to ascribe it to some activity of streptococci. In true
erysipelas, Streptococcus hemolyticus toxin is the agent, and it is
possible that sensitization to the toxin may be of importance in the
recurrent cases. However, there are erysipelas-like reactions of
susceptible individuals to agents other than the streptococcal toxin.
This situation interested Traub and Tolmach'06 and Sulzberger
et al.,98 who have shown how the fungous infections of the feet act
as the primary cause of these ervsipeloid attacks rather than merely
as the source of invasive bacteria. Both the papers mentioned above
concluded that some instances of recurrent erysipelas-like attacks
on the lower legs are a form of recurrent dermatophytid and not
true erysipelas. Traub and Tolmach state that the temperature is
no guide to the differential diagnosis, for with the dermatophytid
the temperature may go as high as 1040 F. and the constitutional
reaction may be as severe as it is in true erysipelas. The latter
tends to have a more definite and sharp margin of the progressing
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lesion, the surface of which is more glazed and brawny than it is
in the fungous type. We might add that a significant wave of
eosinophilia may be detected early in the dermatophytid variety.
In all the filarial cases the eosinophilia is usually marked. Trauma,
such as walking, a long period of standing, or a direct blow, may
initiate this reaction to the dermatophytes. In one case the
erysipelas-like reaction was flared by an injection of trichophytin.98
The careful clinical observations of Suarez and of others3' 5 have
revealed that the fungal infections of the feet are of prime import-
ance as the source of entry of an agent that produces an allergen
active in causing severe attacks of inflammation leading to elephan-
tiasis. Others have shown that the tissue reactions to the fungus
and its antigens may simulate the reaction to streptococci. In this
paper we have shown that the fungal antigen causes an aggravation
of the edema. This question therefore waits to be answered: what
is the relative importance of the fungi and of the streptococci in
lymphedema and elephantiasis?
There is strong presumptive evidence that the fungus and its
antigen play a far larger role than has been suspected hitherto, but
the full details have not been estalblished in as many cases as is
desirable to settle all the points at issue. The streptococci probably
have been incriminated more often than they deserve. In certain
cases the fungus may provide a strong, steady base for the allergy
to which the lymphatic system responds. The allergic base may be
provided solely by filariae, but the fungal effect may operate alone
in some cases or may be added later. Intercurrent infections in any
part of the body, particularly in any surface lesion in the involved
lymphatic drainage system, enhance and augment the hypersensitive
response to any of the antigens. This tissue response also tends to
protect the individual from the more serious invasive qualities of
the bacteria. That these bacterial invasions do occur is revealed
by Suarez' statement that "next to elephantiasis the most common
and serious complication of recurrent lymphangitis is the develop-
ment of subcutaneous abscesses, which are usually positive for the
hemolytic streptococcus, although a mixed type of infection may be
present." Amoss,5 also, has emphasized the importance of the
Streptococcus in elephantiasis, but stated that fungal infection invari-
ably occurred on the affected leg.
The sequence of events is not easy to interpret in the acute form
of lymphedema, called phlegmasia alba dolens or milk leg, which
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in this country usually occurs after surgical operations, parturition,
minor accidents, or sepsis. It is safe to assume that some degree
of the hypersensitive state exists prior to the onset of the acute
symptoms. In the precipitating event one usually finds a systemic
infection, possibly either in the respiratory system or in the regional
lymphatic drainage system. After an interval of one to three weeks,
during which the hypersensitive state is greatly augmented, the acute
lymphatic breakdown, accompanied perhaps by thrombosis of asso-
ciated veins, becomes apparent. It is clear that several different
infections are capable of providing the final impetus for the disorder,
and these infections usually are not clinically severe. Should the
precipitating infection be a severe one, the lymphatic obstruction
usually is a late development when the infection is being overcome.
We conclude that in tropical elephantiasis and recurrent tropical
erysipeloid lymphangitis there is a broad base of allergy of the
fixed tissues that is the "common denominator," much as it is in
post-phlebitic ulcer, thrombo-angiitis obliterans, and their related
disorders. In all of these conditions the edema tends
to increase during activity of the process, and it is
likely that the damaging antigen is retained in the
fluid-laden tissues to augment the local disorder.
Beyond drainage and removal of the lymph with the aid of gravity
and banidaging, the logical treatment would be an eradication of
all the foci of pyogenic and other infection-first, the foci of active
bacterial infection, if any, and then if possible of the fungi or the
filariae. Pons80 reports that therapy with streptococcal vaccines, or
preferably filtrates, has prevented recurrence of the streptococcal
invasions in about 40 per cent of his cases. It is to be expected
that as the allergy slowly subsides with the removal of the infection
or with the development of immunity, new lymphatics will develop
and the lymphedema will slowly subside.
F. The sex- and race-incidence of thrombo-angiitis obliterans
One baffling characteristic of thrombo-angiitis obliterans often
discussed is the rarity of the disease in females. There was a time
when authorities stated that the disease does not occur in women,
but we now know that occasionally it does,40' 48 and their disease may
be extremely severe. Happily, for the motnent, we can side-step
the sex-incidence issue by recalling that although tabes dorsalis and
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general paresis as a rule affect men rather than women, no one has
contended seriously that these diseases are primarily endocrine dis-
turbances. Blastomycosis, likewise, seldom occurs in women,62 but
this factor of sex-incidence would carry no weight as an argument
against the pathogenicity of Blastomyces immitis. The different
sex-hormones mayvary in their ability to aid repair of skin and other
tissues, or to stimulate the immune processes, thus accounting for
the somlewhat greater tendency for the phlebitic state in women and
thrombo-angiitis obliterans in men.
The apparent importance of the race-incidence in thrombo-
angiitis obliterans has diminished as the disease has been recognized
more and more frequently in many racial groups in this country.
The early predominance of cases among the Russian and Polish
Jews"2 may have a special meaning, however, and we should not
hastily disregard this evidence. It should be recalled that fungous
diseases, including T. purpuremrn infections, are prevalent in New
York City among the Jewish population. T. purpureum infections
also are common in Manchuria,107 Japan,73 and certain other
places where thrombo-angiitis obliterans4"' also is common. The
people of these countries are accustomed to taking communal baths.
The unhygienic conditions ofthe weeklyceremonial bath, or mikvah,
of the synagogue, although undoubtedly improved recently in a few
enlightened centers, was, and still may be in many places, an ideal
place for the transmission of dermal pathogens. The modern
enormous expansion of gymnasium and swimming-pool facilities in
this country also may be expected to spread dermal infections widely
through the population. The importance and prevalence of der-
matomycosis in the tropics will be discussed later. These facts are
cited as having bearing on the race-incidence, but naturally this
whole problem cannot be disposed of adequately until the etiology
of these diseases is established.
One rather neglected line of investigation that might be pursued
with some profit is the familial incidence of these related disorders.
Present records in even the best clinics are probably far too incom-
plete in this respect to be of value, but with special attention an
interesting relationship may yet be brought to light.
G. The future development of studies on dernatomycosis
The foregoing discussion of diseases that afflict hundreds of
thousands of people reveals our lack of knowledge of the funda-
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mental reactions of man to fungi and their by-products. There has
been no serious attempt with modern chemical methods to isolate
from the dermatophytes the various substances which may have
biological significance. At least four types of substances having
biological activity are suspected of being present in fungi, viz.: (1)
the dermal reacting factor, (2) a substance which stimulates
immunity in animals, (3) an inactivator of the dermal reacting
factor, and (4) the peculiarly inert phytochitin of the cell wall of
the fungus.
Preliminary studies'02 in this laboratory on these chemical com-
ponents, pending confirmation by chemists familiar with fungal
by-products, may 'be taken to show the following: (1) The dermal
reacting factor of the Trichophyton is probably a nitrogen-containing
substance attached to a polysaccharide. It is amenable to organic
analysis. There are considerable quantities of this substance in
cultured organisms. (2) The dermal reacting faotor is inactivated
by an enzyme of the fungus. This enzyme probably comprises an
oxidation-reduction system, and is part of or is extracted with a
pigment that changes color with alterations of the pH. The green
of the pigment of T. gypseum can tbe converted to the purple of
T. pitrpureum by simple chemical procedures. (3) The dermal
reacting factor is ultrafiltrable and is remarkably stable to heat,
but its activity is destroyed by boiling with mineral acid. (4) The
polysaccharide, which is not dialyzable, yields on mineral acid
hydrolysis a simple hexose and no pentose.
Should methods be developed to remove the dermal reacting
factor from a fungal extract or to inactivate it, further studies of the
type reported by Traub and Tolmach'05 could be undertaken to
determine whether an animal's resistance to the fungus can be
increased by injections of the extract. At present we have the
impression that animals show no true resistance to the dermal react-
ing factor, which, if suppressed, might permit the animal satisfac-
torily to overcome the fungus. There is some evidence to support
this beyond the claims made for the immunity produced by certain
fungal extracts in man." In the experimental animals which do
not readily develop the hypersensitive state peculiar to these infec-
tions in man, the fungi are disposed of by the regular phagocytic
processes. In man, also, the vegetative forms of fungi are usually
destroyed unless the phagocytic reactions are devitalized by the
development of hypersensitivity. In dermatomycosis, and perhaps
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in all fungal disease, the organisms are forced to remain in inacces-
sible foci, and are relatively harmless, until their invasion is pre-
pared for by the development of the hypersensitive state.35 7 This
presumably is maintained by the substance we visualize in a positive
dermal test. The dermatophytes have a quality which permits
them to flourish in the epidermis, where at first they obtain nourish-
ment unharmed by the body's protective reactions, but from which
their sokluble by-products are readily absorlbed into the lymphatic
system.
A more effective fungicide is needed to eradicate these organisms.
The drug should be suitable for parenteral injection as well as for
external application, in order to kill fungi that have invaded beyond
the reach of effective surface treatment. In the development of
the fungicidal therapy the following considerations should be borne
in mind: (1) when the dermal reactivity is high an effective fungi-
cide may conceivably release sufficient dermal reacting factor to
cause a local Herxheimer type of reaction. (2) The hypersensitive
tissues may react to the drug itself, if irritating, with a non-specific
reaction that resembles a secondary fungal lesion. (3) In the
absence of a highly specific non-irritating fungicide, the develop-
ment of methods to reduce the dermal-vascular reactivity would be
of great benefit in therapy. (4) The spores of the fungus in the
skin and nails probably are vulnerable to only the most fungicidal
chemicals aided by penetrating agents.
XII. TREATMENT
The numerous patients with this disease syndrome cannot wait
for treatment until the etiology of the disease is fully worked out.
Therefore a plan of treatment conforming with our current concepts
was formulated. The assumption was that if the primary foci of
fungal and secondary bacterial infection were eradicated, the allergic
state would subside sufficiently for the lesions to heal. After a
certain amount of trial and error a regime was adopted that proved
fairly satisfactory. With this treatment alone a surprising number
of patients have had a remission lasting several years. In some
cases simple surgical procedures were carried out to aid the healing
of the lesions. A few patients have lost hopelessly scarred extremi-
ties despite treatment of all sorts, and in two cases the disease pro-
gressed relentlessly until amputation had to be performed.
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A. General remarks
The management of one of these cases requires a combination
of therapeutic procedures. The ideal treatment of the mycosis may
have to be delayed or modified while measures are taken to relieve
pain or intolerable itching, to combat secondary bacterial infections,
or to promote circulatory efficiency or lymphatic drainage.
The treatment of the derrnatomycosis itself should be based
on an appreciation of several factors which are: (1) the degree of
the skin reactivity of the patient; (2) the type of infecting organism,
and whether significant secondary bacterial infection is present; (3)
the general reparative power of the patient's skin.
The degree of dermal-vascular reactivity at times is difficult to
estimate, but in patients with increasing symptoms of "hypostatic
eczema," phlebitic induration, or thrombo-angiitis obliterans the
reactivity presumably is high. At the start of this work an ample
number of patients disabled from over-vigorous treatment served to
demonstrate this point. The treatment, therefore, must be mild.
Indeed, the aim at this stage should be to remove skin-reacting
antigen rather than to damage the fungus, or even the skin. Later,
when the reactivity has subsided, the fungus can be attacked with a
fungicide without danger from a release of significant amounts of
antigen or from trauma.
These patients are prone to develop hypersensitivity to various
drugs used for the dressing, and also to such things as the dyes of
shoes or clothes. It is important to inquire specifically about the
patient's experiences along these lines, and to prohibit the irritating
substances. Thymol iodide, often employed by us, occasionally
causes a harmful effect that has some of the attributes of a local
drug idiosyncracy.
B. The experience of trial and error
Many mild cases of "athlete's foot" are temporarily arrested by
the application of any one of a long list of drugs. On the other
hand, not uncommonly the same treatment, particularly if it is
vigorously used, may inexplicably exaggerate the disease. Then,
once in a "state of flare," every sort of application seems to do
harm rather than good. Secondary bacterial infection of the surface
lesions almost invariably occurs and exaggerates and continues the
inflammatory process. Such a series of events may lead to the loss
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of an extremity if the patient already has thrombo-angiitis obliterans,
or may convert a previously normal extremity into one that looks
as if it has that disease.
The explanation offered for these common experiences is the
following: the average person has a mild degree of infection with
an organism of low virulence. His allergic state is of a low order
of reactivity. The fungicide used is reasonably efficient, and retards
the growth of the organisms, allowing the lesions to subside.
Spores remain to provide the start for a renewal of activity of the
disease. The complicated case, on the other hand, is one in which
the allergic state is high. The organism is virulent and perhaps
produces large quantities of the skin-reacting factor. The fungicide
applied is relatively efficient, destroys most of the organisms, and in
doing so liberates a significant amount of trigger-substance. This
sets up a damaging tissue response that involves areas not originally
infected. Sites of trauma, such as those arising from the irritation
of the fungicide, also respond with the same tissue reaction. The
bacterial infection contributes its own stimulus. This complex,
exaggerated reaction subsides very slowly, particularly if lymphatic
obstruction is also present.
C. Fungicides
There are many drugs that are quite efficient fungicides in the
sense that they kill vegetative forms of the dermatophytes in vitro.
What they do in vivo is less well known, for the fungi have the
ability to produce three resistant forms. Two of these are spores
formed on fruiting bodies, and a third, called chlamydospore, is a
shriveled, protected, spore-like mass of mycelium. The chlamydo-
spore is formed as the result of adverse conditions, and is a resting
or inactive fungus, impervious to external influences. Later it may
become vegetative. We have no accurate information on the rela-
tive resistance of these spores, but presumably it is high. Never-
theless some of the drugs probably are fungicidal in Lvio for all
forms of these fungi. The difficulty is that the dermatophytes grow
in keratin. In the deeper layers of the skin or nail they are effec-
tively protected from the action of most drugs.
The possibility is a real one that the fungi may release antigen,
as in a sort of Herxheimer reaction, when treatment is started with
an efficient fungicide. This assumption has not been established
as a fact, but it might explain the disrepute into which fungicides
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such as salicylic acid and iodine have fallen. These drugs have
been regarded as dangerous irritants, yet they are not always so.
It would seem that this mystery may not be solved until someone
discovers a suitable fungicide that can be administered orally or
parentally. Should the primary sites of fungal infection flare after
such treatment, indicating a type of Herxheimer phenomenon, it
would be necessary in cases with great dermal-vascular reactivity
first to employ some method to attenuate the fungus or to inactivate
its antigen before administering the fungicide. As a matter of
fact, it is likely that certain favored methods of treatment with either
soaks of dilute solutions of potassium permanganate or sodium
hypochlorite or drying agents or iontophoresis with copper salts may
act upon the antigen rather than upon the fungi.
Another difficulty inherent in the liocal application of fungicides
in cases with high dermal reactivity is the fact that chemical trauma
alone may incite the very reaction one aims to quiet!
D. Specific suggestions for treatment of dermatomycosis associated
with so-called vascular disease
The primary lesions on the feet, in cases not complicated by
intolerable pain or ischemia, are treated as follows: the feet are
soaked in a basin of warm tap-water containing 5 cc. of chlorinated
soda solution* per liter. Lesions on the legs are moistened with
the same solution. After 10 minutes of soaking, a careful pedicuret
is performed in such a way as to remove all excess keratin of the
soles, toes, and nails. Thickened nails are trimmed, and all the
hollowed, softened areas are opened and debrided. This treatment
of the nails must be quite drastic in order to eradicate the infected
foci. Whatever vesicles are present are opened if they show signs
of secondary infection, but when their fluid is clear they are not
opened. If the vesicles are numerous the patient is advised to
avoid activity until they dry. Following the pedicure the feet and
legs are rinsed with cool tap-water and then soaked for 15 minutes
in a solution of one part of potassium permanganate in 5000 of
warm water. The feet are again rinsed with tap-water and dried.
Thymol iodide is applied to the small open lesions of the legs, but
* "Solution of Sodium Hypochlorite," U. S. P. XII.
t For this one needs one large and one small rongeur with precise, cutting
edges, and a probe-type dental instrument with a point and sharp edge that can be
used to remove debris from the surface or cavities of nails.
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ulcers of any size are protected with a gutta percha film or dressings
with zinc oxide or boric acid ointment or petrolatum. Finally, a
solution of 1 per cent thymol in 95 per cent ethyl alcohol is applied
to the nails. The hands are similarly treated if they show signs of
primary lesions.
For the continuation of the treatment at home the patient is
given a bland fungicidal powder* to apply to the feet and to any
other primary lesiions that have been discovered on other parts of
the body. A prescription for 1 per cent thymol solution in 95 per
cent ethyl alcohol is given for application on the nails if they are
badly diseased. The patient returns frequently for further pedi-
cures and local treatment until a remission occurs. As symptoms
subside Whitfield's ointment diluted with cold cream to one-quarter
strength is prescribed for application to the primary lesions three
times weekly. Of the foregoing methods of treatment
probably the three most important are the search for
and persistent mild treatment of all primary foci, the
thorough pedicure, and the drying of the lesions.
Edema of an extremity is regarded as an unfavorable element,
and if it is present in any amount one complete pedicure is given,
and then the patient is advised to elevate the extremity long enough
to reduce the edema completely. As much as two weeks in bed
With the leg elevated may be necessary to drain the excessive fluid
and to allow the inflammatory processes to subside. In Buerger's
disease edema presents a greater problem, requiring hospitalization
for more careful supervision.
In order to relieve congestion, varicose veins are safely treated
by ligation, providing 'the following steps are taken: The various
tourniquet tests should dearly indicate that a single ligation, or
a series of well-planned ligations will control the congestion. The
phlebitic process should be reasonably quiescent. The mycosis also
should be quiescent, or, if treatment for it is to -be given, it should
be mild and aimed to dry the infected areas. After recent vigorous
treatment of the dermatomycosis any ligations should be delayed
several months. Retrograde injections with sclerosing solutions
have been abandoned, and are regarded as dangerous in the phlebitic
syndrome or in thrormbo-angiitis obliterans.
* The composition of one powder is: thymol, 20 gm.; menthol, 20 gm.;
camphor, 80 gm.; salycilic acid, 100 gm.; boric acid, 980 gm.; starch, 2600 gm.
Another is: Sopronal Powder. Mycological Laboratories, Inc., Little Falls, N. J.
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The plan of treatment should be modified considerably if the
patient has a significant bacterial infection or intolerable pain or
pruritus. Infected fissures, ulcers, or weeping areas are treated
with moist compresses of saline solution or, sometimes, diluted Bur-
rough's solution. Other remedies are ointments of zinc oxide,
ammoniated mercury, or sulfathiazole. Sometimes drying the
lesions with a mildly antiseptic powder, such as thymol iodide or
boric acid, is a good plan. The dyes have been avoided because they
obscure the color changes. The use of sulfonamides locally or
penicillin may be necessary in serious infections, but should be dis-
continued as soon as possible because these patients are prone to
develop bothersome reactions, as illustrated by case X. Should
local sensitivity be aroused by sulfathiazole, it is important to pre-
vent a prolongation of the effect by removing all of the drug by
irrigating the wound with alkaline solutions. Certain of these cases
prcobalbly will develop hypersensitivity to penicillin after its local use.
If the patient has intolerable pain arising in an ulcer or gan-
grenous toe he is put to bed and made as quiet and comfortable as
possible. Procaine block of appropriate peripheral nerves controls
this pain far more effectively than does morphine. The lesions are
swabbed with 70 per cent ethyl alcohol, dried, and dusted with
thymol iodide powder. As soon as one is certain that there is no
significant spreading bacterial infection, the peripheral nerves of
the involved areas, usually the superficial and deep peroneal and
posterior tibial nerves, are crushed. After this it is possible to keep
the mycotic lesions dry, and the inflammatory process su!bsides or
the gangrene demarcates.
Pruritus due to a widespread papular dermatid is a difficult
symptom to treat. The patient should have complete bed-rest,
and we regard this as the most important single measure. The
room should be cool, and the patient lightly covered to the point of
having peripheral vasoconstriction. Cool drinks should be taken to
cause a moderate diuresis. The primary lesions of fungous disease
are dried. Applications of calamine lotion may be soothing to the
itchy parts, but all other applications are stopped. If the pruritus
does not begin to subside in from 48 to 72 hours after starting this
regime, a dermatologist should be consulted. Widespread chronic
pruritus associated with this syndrome in elderly women has sub-
sided following injections of estrogenic hormone. This appears to
have some reparative effect on the skin.
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XIII. PRESENT CONCEPT AND CONCLUSION
Two common disorders of the extremities called post-phlebitic
ulcer and thrombo-angiitis obliterans are believed to be related in
that they share many of the same clinical and histopathological
characteristics. Their "common denominator" is a pathological
change in capillaries which has all the attributes of "the delayed
reaction of infection." This is a form of bacterial allergy in which
the fixed connective tissues, the capillaries, both blood and lymphatic,
and the regional lymph nodes of the sensitized areas react in a char-
acteristic way to the presence of certain antigens. These may be
derived from bacteria, fungi, drugs, and other substances, possibly
tobacco. The clinical evidence suggests that infections due to the
dermatophytes (possibly to other fungi and parasites), like tubercu-
losis, alter the connective tissue-vascular reactivity in such a way
that simple antigens and even trauma stimulate the harmful delayed
reaction of infection rather than the customary transient anaphylactic
reaction.
The patients with these two types of so-called vascular disorders
often (perhaps invariably) have typical lesions of dermatomycosis,
and this disease they usually neglect. The fungi responsible for
most of these infections ordinarily are indolent, and the patient soon
accustoms himself to whatever disturbances are produced. Certain
pieople apparently develop deep-seated lesions due to these fungi,
perhaps because of continual personal neglect of skin cleanliness and
the primary fungal lesions, or a constitutional tendency to develop
allergy of the fixed tissues, or a peculiar virulence of the infecting
fungus enhanced at times by secondary bacterial infections.
Why the disease shows itself as an enormous ulcer of the leg
in one case, or lymphatic obstruction, or varices associated with a
dermatitis ("hypostatic eczema"), or a painful granuloma or ulcer
of a toe leading to gangrene in another are questions that cannot
be answered satisfactorily at present. There are certain data avail-
able on the migrations and fate of these fungi and their by-products
in the body that may have a bearing on this. The dermatophytes
are carried through the lymphatics to the lymph nodes, from which
they have been cultured in man and animals. They are known to
appear in the blood stream in showers which are probably transient.
The fungi are soon destroyed in hyperergic tissues where they arouse
an exaggerated reaction. Trauma and inflammation are two factors
that cause these organisms in transit to localize in tissues. Certain
741YALE JOURNAL OF BIOLOGY AND MEDICINE
patients are prone to develop urticarial types of allergy, while others
develop delayed types. These various immunological reactions are
conditioned by many factors, and these in turn may condition the
final form of the disease so that in one type it predominates in skin
and in another in all vessels with less accent on the skin.
There are at least two general lymph drainage routes by which
the organisms and their by-products pass centrally from the lower
extremities. One is the superficial system of lymphatics whose
trunks cluster about the greater and lesser saphenous veins. The
greater saphenous division is superficial throughout its length, and
has numerous collecting trunks lying upon the deep fascia. The
other system with whidh the lymphatics of the lesser saphenous divi-
sion connect is that about the deep vessels. It is assumed that the
deep system of lymphatics does not drain the skin of the feet and
toes, but it is possible that in a certain proportion of patients the
fluid from these areas does drain into this deep system when the
principal route via the saphenous system is partially damaged by
inflammatory reactions.
The peculiar vulnerability to ulceration of special areas in the
lower third of the leg in the region of the tibia and malleoli has not
been explained satisfactorily. It is probably due not only to the
fact that these parts are constantly subject to trauma, but to an
unusual anatomical distribution in these areas of the lymphatics
which causes the antigens and other noxious agents to concentrate
in the vessels at the cutaneous level. Normally in its upward pass-
age the fluid from any one area of the skin is dispersed and finds
an easy access to the plane of lymphatic trunks lying on the deep
fascia. The lymph in these cases, finding an obstruction above, in
the superficial system for example, gravitates downward seeking an
exit through the collaterals entering the lymphatic trunks of the
lesser saphenous system which has connections with the popliteal
nodes. In this abnormal downward passage the lymph crowds into
spaces more and more restricted to purely cutaneous levels before it
all finally escapes into the lesser system. According to Rouviere86
the superficial or cutaneous lymphatics
"drainent le reseau cutane du membre inferieur et aussi, comme I'a tres
justement fait remarquer Jossifow, celui du perioste des regions oiu celui-ci
seulement recouvert par les teguments; par exemple, le perioste du segment
anterieur de la face externe de la malleole externe."
742DERMATOMYCOSIS, ULCERATION) AND GANGRENE
The areas which are prone to ulcerate are apparently the ones
Rouviere describes as having solely cutaneous lymphatics. With
the assumptions, then, that lymph containing noxious agents crowds
from various parts into these cutaneous lymphatics, and that the
dermovascular reactivity to an antigen is high, one may explain the
inflammatory infiltrations, scarring, and vulnerability to trauma that
are so characteristic of these cases. This line of reasoning is in accord
with certain other facts, such as (1) the beneficial effects of any
procedures which reduce the production of lymph of the area, or
which prevent its downward flow; (2) the unfavorable effect of
sclerosing agents, particularly when they are antigenic or when they
are allowed to escape from the lumen of the vein and thereby oblit-
erate the collateral lymphatics; (3) the success of excision operations
in which the skin, subcutaneous tissue, and fascia of these vulnerable
areas are excised en bloc and Ollier-Thiersch grafts are applied to
the periosteum and muscle; and (4) the interaction ofthese inflamed
tissues with antigens from distant foci.
The lesions of the delayed reaction of infection are probably
scattered throughout the lymph drainage routes, and the perivascular
distribution of the lymphatics sooner or later leads to an inflamma-
tory involvement of the wall of a major vessel. There is no need
to list here all the possible results of such lesions, but an example
of a trivial but definite one would be an inflammation of the wall
of a vein at the site of a set of valves. Loss of function of these
valves might ensue, starting a series of varices in the entire length
of this vein. On the other hand, a more serious one would be an
inflammatory reaction in the wall of the posterior tibial artery, lead-
ingto endothelial damage and thrombosis. Reflex vasomotor spasm,
originating in the damaged artery, would spread the effect of
ischemia to other arteries of the same extremity and exaggerate the
symptoms.
The chronic lymphedema is due to the chronic inflammatory
reaction in lymph nodes and to the malfunction of the inflamed
peripheral lymphatic capillaries. Any other factors which increase
the production of extracellular fluid exaggerate the edema. In these
diseases four common causes for this are venous congestion, inflam-
mation, ischemia, and vasospasm. Blood cells and plasma proteins
escape into these tissues and accumulate because they are difficult to
remove even under normal conditions. Further, in this sluggish,
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debris-laden fluid there accumulate antigens which enhance and
prolong the delayed reaction to infection.
Secondary bacterial infection, gaining a foothold in the diseased
areas of skin, may greatly alter and prolong the ulcerating process.
Special methods to combat these infections may have to be taken to
favor the healing.
In this study attention was centered on the dermatophytes,
because, of all the organisms that have been obtained from these
diseased tissues, they appeared the most likely to supply the base
for the allergy of infection. The possibility remains that another
agent such as a virus or a rickettsia may be discovered to be the basic
cause of the inflammatory reaction in these cases. Yet the flare of
the vascular lesions in response to the fungous antigen, even under
a limited interpretation, indicates that the fungus shares in the con-
tinuation of the disease process. A deliberate flare of the disease
by injections of antigen is a dangerous expedient, and should be
attempted no more than to verify the present observations.* Fig-
uratively, this experiment might be called a sign-post that indicates
the route, but is soon left behind. It should be noted that a flare
of the disease produced bythe fungal antigen does not prove that
the disease itself is initiated by the fungus; for example, Freund28
showed that heterologous bacterial filtrates in tuberculous animals
caused a hemorrhagic degeneration of the tuberculous foci and
dea;th of the animals. The injections were more lethal in tubercu-
lous than in normal animals. This effect is believed to be due to an
increased vulnerability of the vessels in the tuberculous foci.
Another indication of the etiology might be obtained through
observation on the effects on the vascular disease of treatment of
the fungic disease. As a matter of fact, the evidence broadly indi-
cates that a thorough treatment of the mycosis favorably affects the
outcome of these diseases, and may induce a remission. Under the
present conditions it is not possible to establish entirely satisfactory
* Dr. Meyer Naide of Philadelphia has reported in personal letters dated Octo-
ber 24, and November 8, 1941, that he observed what he interpreted as flares of
the disease in three cases following injections of our antigen of T. purpureum. In
two cases of thrombo-angiitis obliterans the previously subsiding lesions flared, and
in one case of phlebitic ulcer and induration the inflammatory process flared and the
patient had a febrile reaction. The experiences were too disabling to be repeated,
and although there was a possibility of a spontaneous exacerbation in each case, the
sequence of events strongly suggested that the injections caused the exacerbation.
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experimental groups of control and treated cases. In the control
cases simple hygienic measures that are part of ordinary hospital
care favorably affect the mycosis in some way. Conversely, even
the best methods available for the treatment of this infection are not
perfect in the majority of cases, while in some they completely fail.
Therefore, until a rational therapy of the fungic disease is dis-
covered, this line of investigation will hardly go much farther than
it has in answering the prdblem.
Conclusion
A series of disorders which lead to painful ulcerations on the
legs and feet and to gangrene of the toes constitute a major medical
and social problem that demands solution. These diseases do not
usually cause fatalities, but instead, chronic illnesses and personal
suffering-leading to complete or semi-invalidism. Because of the
large numbers of people afflicted and the unsatisfactory state of the
present methods of treatment, the economic loss which results to the
community as a whole is of great magnitude. To read the current
medical literature one might believe that the treatment of these con-
ditions is fairly satisfactory, but a visit to a large surgical clinic will
reveal that the problem is far from satisfactory to those who come
for treatment.
The majority of these patients have "post-phlebitic" ulcers or
thrombo-angiitis obliterans or a related disorder. Although a num-
ber of factors which influence these diseases have been discovered,
the difficulty heretofore has been the lack of any indication of the
basic etiology. There is some evidence which shows that these dis-
eases are related, and that their common denominator is a variety
of hypersensitivity. An infection with one of the dermatophytes
may provide the base for the hypersensitive state peculiar to these
diseases.
It is clear that greater efforts should be made to understand
these diseases, and that an experimental attack is needed. Indeed,
one of the difficulties has been to devise a method to study these
proiblems by experiment in animals. In this respect it may be of
interest to recall that clues indicating that fungi and certain bacteria
responsible for many of the plant vascular diseases were discovered
as early as 1879. A considerable body of evidence has accumulated
to show that the fungi achieve their harmful effects through a toxin,
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because injections of by-products of fungal metabolism will repro-
duce the disease in plants.104
In 1778 Benjamin Bell, in his first published work,9 "On the
Theory and Management of Ulcers," classified chronic ulcers of the
legs into seven types. The one he knew as the "callus ulcer" is
the phlebitic or varicose ulcer of this report. It is the only one,
save "cancerous ulcer," for which a satisfactory etiology has not been
established. Despite the 160-odd years that have passed since Bell
wrote his book, many remarks. in the preface hold true today, and
are appropriate to quote now in conclusion, viz.:
"Although much, however, has been wrote, and a great deal of light
thrown upon the principal and more leading parts of Surgery, yet still, from
less attention having been paid to some of its branches, there are many
chirurgical diseases, which are neither so well understood, nor so accurately
treated as we might otherwise have expected.
"This seems, in a great measure, to proceed from the fame and reputation
commonly acquired by success, in the more capital operations of Surgery,
which having greater effect with the public, than the most successful treat-
ment of complaints not evidently of so much consequence, has naturally pre-
vented practitioners from paying to diseases of this nature, that attention which
they certainly deserve.
"And in consequence of this, though the real operative part of the profes-
sion, is, in general, carried to as great perfection, as it may probably ever
attain, yet Surgeons daily meet with disorders which baffle, all their ingenuity,
and by their failure in which, not only their own private reputations, but
that of the art in general, suffers, more than can be ever compensated for by
any temporary eclat from an operation.
"Many complaints might be enumerated, which have suffered from such
neglect, but none, it is presumed, are, in general, less understood, than some of
those which make the subjects of the following Essays: The theory and
treatment of Ulcers especially, although a great deal has been wrote con-
cerning them, are still very defective: The descriptions given of them by
authors, are so tedious, and the distinctions so complicated and various, that
tc a young practitioner particularly, it is no easy matter, either to comprehend
rightly such distinctions, or to apply the different remedies recommended for
each . . .
"It was this, together with meeting with more frequent disappointments
in the cure of ulcers, than of any other complaint, which made me first pay
more particular attention to their management.
"I am far from imagining, however, that anything I have to advance,
either exhausts the subject, or renders farther improvements in it unnecessary;
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but whatever deficiencies the present publication may labor under, this advan-
tage, may, at least, be expected from it, that it will point out to others, a
material branch of the profession, which, for a long time, has been very
much neglected; a subject too, that still deserves their attention, and in which
many useful improvements are yet probably to be made."
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